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ABSTRACT 
Results of exploratory research are recorded in the thesis. 
This thesis consists of two parts: The Part A has three chapters dealing with the 
compositional studies of seed fats/oils and Part B embodies the work related to 
the synthesis and characterization of selected fatty acids derivatives and their 
antimicrobial screening. 
Part A 
Chapter 1: Overview of FattyAcids 
This chapter deals with the brief compilation of literature of fatty acids. The 
occurrence of oxygenated fatty acids in seed oils was discussed covering the wide 
distribution of hydroxy and epoxy fatty acids. The analysis of fatty acids - their 
detection, isolation and structure determination was also discussed through 
chromatographic and spectroscopic techniques. 
Chapter 2: Prosopis cineraria Seed Oil 
On the basis of various industrial importances of hydroxyl fatty acids, seed oil of 
Prosopis cineraria was investigated. The most interesting finding is the presence of a 
hydroxyolefinic fatty acid (3.1 %) along with other usual fatty acids such as myristic 
(1.5 %), palmitic (15.2 %), palmitoleic (0.8 %), stearic (2.2 %), oleic (31.3 %), linoleic 
(32.1 %), linolenic (2.9 %), arachidic (4.4%), gadoleic (1.2 %), behenic (4.1 %), and 
lignoceric (1.2 %). The structure of this hydroxy fatty acid was established on the basis 
of spectral data (IR, 'H N M R , '^C N M R , MS) and chemical (catalytic hydrogenation, 
oxidative degradation) methods as (Z)-12-hydroxyoctadec-9-enoic (ricinoleic) acid (I). 
H3C^>^fY'^"-=^''^H^' COOH 
~ 5 
OH 
(1) 
ABSTRACT 
Chapter 3: Study of Putranjiva roxburghii Seed Oil 
Seed oils of the Euphorbiaceae show a great variability in their 
lipid composition. To extend the knowledge about seed oils of this plant family, the 
sample of Putranjiva roxburghii seeds at different stages of maturity was examined. 
The objective of this research was to determine the oil content and fatty acid 
composition of P. roxburghii seeds during different stages of seed maturity. It was 
found that palmitic, stearic, oleic and linoleic acids comprised over 98.8 % of total 
lipids on the average in the fully mature seeds and of these oleic and linoleic acids 
comprised over 87.5 % of total fatty acids. Significant changes in the contents of the 
saturated fatty acids (palmitic and stearic) and unsaturated fatty acids (oleic and 
linoleic) were observed during seed development. 
PartB 
Chapter 4: Synthesis of 2-Substituted Benzothiazoles* 
The application of microwave irradiation in organic synthesis for conducting 
reactions at highly accelerated rates is an emerging technique. In fact, in recent years, 
the use of microwaves have become popular among synthetic organic chemists both to 
improve classical organic reactions (shortening reaction times and/or improving yields) 
as well as to promote new reactions. An attempt has been made to develop new facile 
methods for the preparation of biologically active heterocyclic compounds from readily 
available building blocks. Herein new facile methods for the synthesis of 2-substituted 
benzothiazoles were developed. 
Research paper entitled "A simple, rapid and efficient one-pot protocol for the 
synthesis of 2-substituted benzothiazole derivatives and their antimicrobial screening" 
was published. [A. Rauf, S. Gangal, S. Sharma, M. Zahin, S. Afr. J. Chem., 2008, 61, 
63]. 
ABSTRACT 
2-Substituted benzothiazoles (3a-f) were efficiently synthesized under solvent-free and 
microwave irradiation condition (Scheme 1). 
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Scheme 1: Synthesis of 2-substituted benzothiazoles in microwave-assisted, 
solvent-free conditions 
Furthermore, the compounds 3a-f were synthesized in good yields by reactions of 
2-aminothiophenol with saturated and olefinic (internal and terminal) fatty acids in 
presence of phosphorus pentasulphide under solvent-free microwave irradiation 
condition (Scheme 2). 
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Scheme 2: Synthesis of 2-substituted benzothiazoles in presence of catalyst under 
microwave, solvent-free conditions 
The above synthesized compounds 3a-f were also prepared by the condensation of 
2-aminothiophenol with various fatty acid chlorides (Scheme 3). Since fatty acid 
chlorides are not commercially available they were synthesized in situ. The fact that 
readily available reagents are used along with short reaction time, no additives, simple 
work-up and isolation of the product make the current approach a feasible and attractive 
protocol for the generation of 2-substituted benzothiazoles from fatty acids. The present 
method has also solved the problem of non-availability of both types of fatty acid 
chlorides by in situ preparation of the latter. 
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Scheme 3: Synthesis of 2-substituted benzothiazoles 
The newly synthesized compounds 3a-f was characterized by IR, ' H N M R , '^C N M R , 
and mass spectral and elemental analyses. The above synthesized compounds were also 
screened for in vitro antibacterial activity against four bacterial strains and antifungal 
activity against four fungi. Preliminary results revealed that some of the synthesized 
compounds showed good antimicrobial activity. 
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ABSTRACT 
Chapter 5: Synthesis of Benzoxazoles and Naphthol2,3-d]oxazoles* 
The biological importance and practical significance of benzoxazole nucleus 
prompted to synthesize benzoxazole derivatives. In this regard, new series of such 
derivatives adopting the synthetic methodology was developed. A series of 2-long 
alkenyl chain benzoxazoles (3a-p) were synthesized in good yields by condensing long-
alkenyl chain carboxylic acids (la-d) with substituted 2-aminophenols (2a-d) in 
presence of catalytic amount of phosphorus pentasulphide under solvent-free 
microwave irradiation conditions at ambient pressure (Scheme 4). 
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Scheme 4: Synthesis of 2-Iong alkenyl chain benzoxazoles in presence of catalyst 
under microwave-assisted, solvent-free conditions 
•Research paper entitled "Microwave assisted synthesis of 2-long alkenyl chain 
benzoxazoles and naphtho[2,3-cfloxazoles and their antimicrobial evaluation" was 
accepted. [S. Gangal, S. Sharma, A. Rauf, Phosphorus, Sulphur and Silicon, 
(Accepted)] 
ABSTRACT 
The structural diversity of the member library were increased through the 
synthesis of naphtho[2,3-cOoxazole derivatives (3q-t) by the reaction of long-aJkenyl 
chain carboxylic acids (la-d) with 2-aminonaphthol (2e) (Scheme 5). 
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Scheme 5: Synthesis of 2-iong alkenyl chain naphtho[2^-</]oxazoles in presence of 
catalyst under microwave-assisted, solvent-free conditions 
The structures of new compounds 3a-t were established on the basis of their 
elemental analysis and IR, 'H N M R , '^C N M R & mass spectral data. The antibacterial 
and antifungal activities of these derivatives have been evaluated against Bacillus 
subtilis, Staphylococcus aureus, Escherichia coli. Salmonella typhimurium, 
Helminthosporium oryzae, Aspergillus niger, Penicillium sp., Trichoderma viridae and 
Candida albicans. The method is advantageous in terms of reduced reaction time, high 
yield of products, without the use of organic solvents, simple experimental and work-up 
procedure thus adding a useful procedure to existing methodologies. 
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ABSTRACT 
Chapter 6: Synthesis of Long-Chain Carboxylic Esters* 
The explosive development of solid-supported reagents over the past several 
years has led to a detailed re-examination of the most important synthetic processes by 
organic chemists. In fact, the use of solid-supported reagents shows undoubted 
advantages from both an economic and environmental point of view. As a part of 
interests in solid-supported reagents in organic reactions, P205/Si02 (75 %, w/w) 
reagent for the esterification of long-chain carboxylic acids with aromatic alcohols 
(Scheme 6) has been developed. The reactions occurred under relatively mild 
conditions and afforded the desired products in good yields. 
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Scheme 6: Synthesis of long-chain carboxylic esters from aromatic alcohols 
•Research paper entitled "Silica-gel-supported phosphorus pentoxide: a simple and 
efficient solid-supported reagent for esterification of long-chain carboxylic acids and 
their antimicrobial screening" was published. [A. Rauf, S. Gangal, S. Sharma, Chin. J. 
Chem., 2008, 26, 699]. 
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ABSTRACT 
All the compounds 3a-x were screened for antibacterial and antifungal activity, 
which showed good activity against Gram positive and Gram negative bacteria and also 
good results against almost all fungal strains. The structures of the synthesized 
compounds were elucidated by IR, 'H N M R , '^C N M R , mass spectroscopic techniques 
and elemental analyses. 
Chapter 7: Synthesis of Long-Alkenyl Chain Thiol Esters 
The biological importance and practical significance of thiol esters prompted us 
to synthesize them from long-alkenyl chain carboxylic acids. In this regard, new series 
of such derivatives were synthesized under solvent- and. catalyst-free conditions 
(Scheme 7). 
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Scheme 7: Synthesis of thiol esters from long-alkenyl chain carboxylic acids and 
thiols 
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ABSTRACT 
Thiol (2.5 mmoles) was added to the acid chloride (2.5 mmoles) and was 
stirred at required temperature without solvent and catalyst under nitrogen for about 
12-21 minutes. The corresponding thiol esters (3a-g) were obtained in good to excellent 
yields (88-96 %). To the prior, acid chloride la-c was synthesized from olefinic and 
hydroxy olefinic long-chain acids by in situ preparation. The structures of all the 
compounds have been confirmed on the basis of their elemental analysis, IR, ' H N M R , 
and mass spectral data. The antimicrobial effects of the synthesized compounds were 
also investigated. 
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Introduction 
Oils and fats are found very significant physiologically as well as chemically. 
The calorie density for dietary fats is also found more than twice than that of proteins 
and carbohydrates. Fatty acids are essential dietary requirements for their link with the 
prostaglandins and their involvement in cell membrane formation. 
During the past decade, production and utilization of oils and fats have grown in 
size and diversity. The ever-increasing cost of petrochemicals has diverted the attention 
of chemists' to find new sources of oils containing unusual fatty acids and also to 
modify fatty acids for possible industrial use. The naturally occurring unusual fatty 
acids are widely distributed in plants. The fatty acids with unusual structural features in 
seed oils are industrially important as they are used in protective coatings, plastics, 
urethane derivatives, surfactants, dispersants, cosmetics, lubricants, varieties of 
synthetic intermediates, stabilizers in plastic formulations and in the preparations of 
other long-chain compounds. These fatty acids of unusual structures are highly 
important to the production of oleochemicals (fat-derived chemicals). The ethoxylated 
hydroxy fatty acid-containing seed oils are used as stabilizers of hydrophobic 
substances in industries such as perfumes and cosmetics. The polyethoxylated hydroxy 
fatty acids are non-ionic surfactants and are included in the formulations for cleaning 
clothes, dishes, hard surfaces, and metals and in textile processing. Hydroxyolefinic 
fatty acids are known to occur in a number of seed oils and are highly important to the 
chemical and pharmaceutical industry. The importance of simple organic acids such as 
sorbic, cinnamic, ricinoleic and myristic as antimicrobial drugs is well established in 
pharmaceutical industry. 
The functionality of fatty acid molecules and their derivatives accounts for the 
utility of these materials in a large variety of applications. The fatty acid derivatives are 
becoming essential to a variety of industries such as coatings, cosmetics, perfumes, 
pharmaceuticals, pesticides, insecticides and polymers. In nature, heterocyclic 
compounds as alkaloids, vitamins and pigments are well known. But heterocyclic rings 
in fatty compounds are rare in nature. These heterocycles are physiologically active and 
control many biochemical processes of various systems and their search acted as a 
Introduction 
powerful stimulus to the further development of the chemistry of heterocyclic 
compounds. 
The eco-friendly solvent-free approach using microwave irradiation opens 
numerous possibilities for conducting rapid heterocyclic synthesis via cycloaddition and 
cyclocondensation reactions using a variety of supported reagents. The use of 
multimode oven, monomode reactor and conventional glass apparatus, demonstrates the 
numerous practical applications in laboratory scale experiments. Furthermore, there are 
different advantages of these solvent-free protocols as "Green Chemistry" since they 
provide absence of solvent thereby preventing pollution in organic synthesis. The 
absence of solvent clearly reduces the reaction time and generally improves the yields. 
Also, there are many heterocyclic reactions with great potential for automated medicinal 
and combinatorial chemistry, which traditionally have been performed with long 
reaction times that might be dramatically accelerated by solvent-free microwave 
irradiation. Microwave-assisted solvent-free chemistry is a technique that has the power 
to accelerate the generation of organic molecules (Fig. 1). 
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Fig. 1 Microwave solvent-free effects on heterocyclic synthesis. 
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Thus, the development of strategies for the solid phase synthesis of the long 
alkyl and alkenyl-chain heterocyclic moieties thereof is not only highly desirable, but 
also economically advantageous. 
Lastly, one of the exciting properties of fatty acids and their modify products are 
their antimicrobial properties. A number of fatty acid derivatives containing 
heterocyclic ring like morpholine and piperidine moieties have proven to be fungistatic 
agent. 
Keeping in view the role of fats/oils and fatty acids, the present work was 
undertaken (i) to carry out compositional studies on seed fats/oils and (ii) to modify the 
naturally occurring fatty acids to their novel derivatives. Our emphasis has been more 
on the synthesis of novel fatty acid derivatives using chemical and microwave-assisted 
reactions. 
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Overview of Fatty Acids 
1.1 Component Fatty Acids in Lipids 
The term LIPID is often used loosely to denote a wide variety of natural 
products including fatty acids and their derivatives, steroids, terpenes, carotenoids 
and bile acids, which have in common ready solubility in organic solvents such as 
diethyl ether, hexane, benzene, chloroform or methanol. A more specific definition 
is to be preferred and the term is nowadays generally restricted to fatty acids and 
their derivatives or metabolities. 
"Lipids are fatty acids and their derivatives, and substances related 
biosynthetically or functionally to these compounds". 
The principal lipid classes consist of fatty acid (long-chain aliphatic 
monocarboxylic acid) moieties linked by an ester bond to an alcohol, principally the 
trihydric alcohol glycerol, or by the amide bonds to long-chain bases. Lipids may be 
subdivided into two broad classes-"simple", which contain one or two of these 
hydrolysis products per mole, and "complex", which three or more types of 
hydrolysis product per mole. The terms "neutral" and "polar" respectively are used 
more frequently to define these classes. 
The naturally occurring fatty acids of vegetable origin contain generally even 
number of carbons (4-24) in a straight chain with a terminal carboxylic group, which 
may be fully saturated or unsaturated. In the diene and triene derivatives, 
respectively, the double bonds are interrupted by a methylene group. Typical 
members of these structural types are palmitic (16:0), stearic (18:0), palmitoleic 
(16:1), oleic (18:1), linoleic (18:2), and linolenic (18:3) acid. Smith [1] classified 
these ubiquitous compounds as usual fatty acids. Most of the seed oils consist 
predominantly of triacylglycerols (triglycerides), a simple lipid, which is ester of 
fatty acids and glycerol. The Fig. 1 shows the gross fatty acid composition of the 
most important vegetal (seed) oils for human or animal consumption. 
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Fig. 1 Fatty acid composition of vegetal oils (%) 
The cocoa butter (as coconut oil or hydrogenated palm oil) is rich in saturated fatty 
acids and poor in essential fatty acids (n-6 and n-3). A number of plant famihes have 
seed fats characterized by low amounts of 16:0, 18:1 and 18:2 acids. These acids 
have been replaced by laiu-ic (12:0) and myristic (14:0) acids, as well as capric 
(10:0) and caprylic (8:0) acids. 
In a time of diminishing energy resources, and in view of the continuous loss 
of many plant species, a better knowledge of nature's biodiversity is of considerable 
importance. The plant kingdom contains lipids with an astonishing variety of 
structures, particularly so in angiosperm seed oils. Consequently, "Lipids as Natural 
Products" is an exciting field of research, although it is not well represented in the 
established lipid journals, which are usually dominated by biomedical, nutritional, 
and technical or analytical themes. Fatty acids with deviating structures often occur 
at high levels in seed oils, and they are usually limited to the seed storage lipids such 
as triacylglycerols or cyanolipids [2, 3]. 
Overview of Fatty Acids 
The oleochemical industry is increasingly interested in custom made and 
novel oils with specific fatty acid compositions for applications in the oil and 
pharmaceutical industries [4]. Such oils can be used for the synthesis of high-quality 
products without expensive purification of raw materials. In addition, oilseed 
breeders are searching for species to produce beneficial new genotypes [4]. 
Consequently all fatty acids with different structure features are 
considered as unusual [5, 6]. The new and interesting unusual fatty acids present in 
high concentration in certain seed oils are also being exploited for the 
commercial use [7]. Seed oils containing epoxy fatty acids are of potential interest as 
stabilizers in plastic formulations. The epoxidized vegetable oils have some of the 
properties of the polymeric plasticizer, e.g. soya and linseed oils. Seed oils 
containing cyclopropenoid fatty acids have attracted much attention due to their 
biological effects in animals and their co-carcinogenic properties. The 
cyclopropenoid fatty acids manifest a number of unusual properties. The new 
and interesting unusual fatty acids present in high concentrations in certain 
seed oils [8-15] are being exploited for industrial use. In the industrial field, there 
has been competition between oleochemicals and petrochemicals (biofuels). The 
most commonly described bio-fiaels are also known as rapeseed methyl esters or 
palm diesel or Mesuaferrea which may be a substitute for a petroleum gasoline and 
may be used as a fuel for diesel engines [16]. Hence, rapeseed oil is highly efficient 
and environmentally friendly for the exploitation of renewal energy sources of 
vegetable seed oils. Therefore, rich sources of seed oils could be exploited for 
utilization in the petrochemical industries as bio-fuels. The methyl esters of 
vegetable oils or animal fats can also be used either as a partial or complete 
replacement for bio-fliels with the esters of rapeseed oil, sunflower, palm, coconut 
and animal fats being used as bio-fuels. Such motivation for the utilization of 
vegetable seed oils as bio-fuel is partly agricultural and environmental. 
The seed oils of higher plants (gymnosperms and angiosperms) contain not 
only the usual fatty acids [17] commonly found in edible oils, and indeed in most 
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living things, but frequently they also contain unusual fatty acids with different 
structures [18, 19]. Oils with higher levels of unusual fatty acids are often not edible 
and some of the fatty acids found in plant seed oils must even be considered to be 
toxic [20-23]. However, these unusual fatty acids could become of interest as raw 
materials for chemical or pharmaceutical products, or in the field of renewable 
resources as starting materials or intermediates for chemical synthesis [24]. 
Natural Oxygenated Fatty Acids 
Oxygenated fatty acids are considered essential intermediates in a variety of 
basic studies in fatty acid chemistry. The oxygenated fatty acids have attracted much 
attention in the industrial processes concerned with the oxidation of the drying oils. 
The structure and biosynthesis of some natural oxygenated acids have been 
reviewed [25]. Among the oxygenated fatty acids, hydroxy and epoxy acids are 
widely distributed in plant species. 
Hydroxy fatty acids 
Formation of hydroxy acids in plants are believed to occur by the hydration 
of unsaturated acids [26] or directly by the oxidation of saturated carbon atom in the 
presence of water and molecular oxygen respectively. Hydroxy fatty acids 
are known to occur in many seed oils [27]. Previously from our laboratory 
84.3% ricinoleic acid from Hiptage benghalensis seed oil was reported 
by Siddiqui et al. [28]. Small amount of ricinoleic acid was also reported in the seed 
oils of Phyllantus niruri [29] and Nymphaea stellata [30]. An isomer of ricinoleic 
acid 9-hydroxy-cw-12-octadecenoic acid (isoricinoleic acid), as a major component 
of the fatty acids present in the oils of Whghta tinctoria and Wrighta tomentosa 
as reported by Ansari et al. [31] and Wrighta coccinea seed oil as by 
Siddiqi et al. [32]. It is also known to occur in the Semecarpus kurzii seed oil [33]. 
9-Hydroxydodecanoic acid [34], a dihydroxy (9,14-dihydroxy-octadecanoic) 
acid [35], a p- hydroxyolefinic (9-hydroxyoctadec-m-11-enoic) acid [36], a C24 
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non-vicinal 1,3 dihydroxy (11, 13-dihydroxy-tetracos-/rfl/i5-9-enoic) acid [37] and 
Y-hydroxydienoic (S-hydroxyoctadec-cw-ll, 14-dienoic acid) [38] have been 
reported. The hydroxy acetylenic fatty acids are also numerous as hydroxy olefinic 
acids in seed oils [39]. Hydroxy acid have been reported from the seed oil of 
Crotolaria retusa [40], Azima tetracantha [41], Cordia rothii [42], 
Trichodesma zeylanicum [43], Crotalaria striata syn Crotalaria mucronata [44], 
Ochrocarpus africanus [45], Alternanthera triandra [46] Jatropha gossypifolia and 
Hevea brasiliensis [47]. Recently from the author's laboratory, ricinoleic acid was 
reported from the seed oil of Sesbania aculeata [48]. 
Epoxy fatty acids 
The first natural epoxy fatty acid to be found was (+)-vemolic acid, 
or cw-12,13-epoxy-octadec-c/j'-9-enoic acid, from the seed oil of 
Vernonia anthelmintica [49]. Subsequently, the isomeric cw-9,10-epoxy-octadec-
c/.y-12-enoic (coronaric) acid [50]. cw-9,10-epoxy- octadeca-/ran.y-3,c/5-12-dienoic 
acid [51], c/5-12,13-epoxy-octadeca-cw-6,9-dienoic acid [52], c/5-15,16-epoxy-
octadeca-c/.y-9,12-dienoic acid [53], and c/5-9,10-epoxy-octadecanoic [54] were 
found in seed oils. A C2ohomolouge of vemolic named alchoroic, cw-14,15-epoxy-
c/5-ll-eicosenoic acid has been isolated by Kleiman et al. [55] in the seed 
oil of Alchornea cordifolia. The seed oils of Amaranthus paniculatu [56], 
Turnera ulmifolia [57], and Pthlecollobium dulce [58] have found to contain 
vemolic acid as constituent of minor seed oil. However Spitzer et al. [59] reported 
that Bernardia pulchella seed oil contains vemolic acid in good 
amount. Rivea ornate [60], Cassia marginata and Cassia corymbosa [61], 
Ochrocarpus africanus [45], Ficus benghalensis [62] have been found to contain 
vemolic acid in varying amount. 
Vemolic and coronaric acids have an obvious biosynthetic relationship to 
linoleic acid. The epoxy acids in general may be regarded as derivatives of oleic, 
linoieic, linolenic acids, in which one of the double bond is epoxidized through 
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metabolism. Seed oils containing epoxy fatty acids are potential interest as 
stabilizers in plastic formulations and in the preparation of other long chain 
compounds e.g. Vernonia anthelmintica and V. roxburghii, species. The epoxidized 
vegetable seed oils have some of the properties of polymeric plasticizers but with 
some aging properties, e.g. soya and linseed oils. Many other types of plasticizers 
continue to be used in major amounts because they can be applied in resins or 
rubbers other than PVC. 
1.2 Isolation and Characterization of Fatty Acids 
For the chemist, the isolation and elucidation of rare fatty acid structures 
has always been a challenge, and nowadays the number of knovm fatty acids 
exceeds thousands [8]. Recently, the interest in fatty acids with unusual 
structure features and in oils, that can provide a high concentration of a single 
fatty acid, has increased as they can be of high value for the chemical and 
pharmaceutical industry [8-14]. Global screening programs for the search of new 
plant oils as renewable sources have been initiated. This is also a preventive research 
as it is estimated that there is approximately only 50-100 years supply left in readily 
accessible fossil oil resources, which are actually the most important basis of the 
petrochemical industry. In contrast to fossil oil resources, the vegetable oils are 
renewable and have the ecological advantage to be COa-neutral [63]. 
The complexity in the analysis of fatty acids has created many problems in 
their detection, isolation and structure determination. This picture was changed with 
the advances in the methodology of lipid analysis. The chromatographic techniques 
used in the analysis of oils are: thin layer chromatography (TLC), high performance 
liquid chromatography (HPLC), column chromatography, liquid column 
chromatography [64-66], partition adsorption, ion-exchange and complexation 
chromatography and gas liquid chromatography (GLC) [67]. Gas chromatography 
has been employed successfully in the isolation of pure fractions from complex 
mixtures [6%]. Although gas chromatography is the dominant technique for the fatty 
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acid analysis, high-performance Hquid chromatography (HPLC) [69-78] have 
expanded dramatically into almost every area of chemical and biochemical research 
as well as food analysis [79]. Likewise, various spectroscopic techniques, 
such as UV, IR, high resolution 'H N M R , '^C N M R , [80] liquid chromatography 
mass spectrometry (LCMS) [81] gas chromatography mass spectrometry 
(GCMS) [82, 83] and chemical ionization mass spectrometry (CIMS) [84] offer 
remarkable solutions and unexpected advantages for the analysis of unknown fatty 
compounds. 
For the complete structure elucidation of fatty acids, information about: 
(i) chain length, 
(ii) chain type (straight/branched/cyclic parts), 
(iii) number, position, and configuration (sometimes) of the double bond(s). 
(iv) number and position of triple bond(s) and 
(v) type, number, position, and configuration (sometimes) of further functional 
groups are needed. 
A part of this information can be acquired by GCMS analysis in the electron 
impact mode by analyzing various fatty acid derivatives. Due to the measurement of 
mass spectrometry, information on the stereochemistry of the fatty acids cannot be 
obtained directly from the fragmentation pattern. The complete information could 
be obtained by the use of some useful methods. Thus, the complete stereochemical 
identity of an unknovm fatty acid can be proven, when the retention data and the 
mass spectra of the respective derivatives of a known standard and an unknown 
compound are in full agreement. IR spectroscopy can be further simple tool to get 
sterochemical information. The utilization of IR spectroscopy for the detection of 
stereoisomers is based on the fact that the presence of trans double bonds can easily 
be proven by prominent absorption band(s) between 940 and 999 cm"'. 
Consequently, the absence of trans double bands, in the IR spectrum of a seed oil or 
its fatty acid methyl esters proves that the only cis double bonds are present. The 
use of IR spectroscopy in oil analysis has been reviewed in detail [85]. 
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Ultraviolet spectroscopy (UV) (220-400nm) is a sensitive method, that 
permits the detection of conjugated systems, such as conjugated double, double-
triple and triple-triple bonds by characteristic absorption bands. Although, the UV 
data may be helpful for the identification of conjugated systems, their positions or 
sequences in the fatty acid chain can generally not be recognized. The use of UV 
spectroscopy for the analysis of fatty acids has been reviewed [85] and a valuable 
collection of UV data for fatty acids has also been published [86]. 
A careful interpretation of the '^C NMR data in the double bond and allylic 
methylene group range will permit the correct assignment of the configuration of 
the olefmic systems, even in seed oils with fatty acid mixtures [87-90]. 
Silver ion chromatography is a suitable method for the fractionation of fatty 
acid methyl esters according to their degree of unsatviration, type of unsaturation 
(olefinic or acetylenic), and the position and stereochemical configuration of double 
bond(s). Some aspects of the silver ion chromatography of unusual fatty acids have 
been reviewed by Christie [91]. 
The combination of the analytical methods described above, enables the 
development of a strategy for the analysis of novel seed oils. The analytical 
sequence shown in Fig. 2 permits the detection of a number of unusual lipid 
components in little time and few chemical manipulations are needed. 
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It is certainly not possible to consider or predict all possibilities that can 
occur in seed lipids and in some cases it will be necessary to isolate the unknown 
compound(s) (especially true for new compounds) and to use chemical and 
spectroscopic methods for the complete elucidation. 
In practice, when the unknown fatty acid is not pure but is contaminated 
with other isomers, these physical methods can not alone provide the complete 
information about the structure. In such cases the obvious choice is to 
use the chemical methods like catalytic hydrogienation, hydroxylation, 
oxidative degradation, partial hydrogenation, oxidation, photo-oxygenation, 
alkyoxybromination [92], thiocyanation [93], oxyselenation [94], Diels-Alder 
reaction, hydrogen bromide reaction and alkylthiolation [95]. 
Recognizing the potentialities of fatty acids, oil chemists and technologists 
are involved in various methods and many new concepts in increasing the 
availability of seed oils conforming with the needs of world in general and of 
developing countries in particular. In this context, efforts have been directed to 
explore minor seed oils from neglected forest wealth of indigenous origin and 
ascertain their edible and non-edible uses. In the recent past, some of the minor seed 
oils have found a place in industrial food products such as chocolates. Minor seed 
oils could be used in various industrial products like fatty alcohols, fatty amines etc. 
The present work of compositional studies on seed fats/oils and the 
chemistry of unusual fatty acids are directed to achieve the objective of finding 
alternative resources of oleochemicals and vegetable oils for the production of new 
oilseed crops. 
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2.1 Isolation and Characterization of Unusual Fatty Acid in 
Prosopis cineraria Seed Oil 
Plant seeds are important sources of oils of nutritional, industrial and 
pharmaceutical importance. The suitability of oil for a particular purpose, however, 
is determined by its fatty acid composition. No oil from any single source has been 
found to be suitable for all purposes because oils from different sources generally 
differ in their fatty acid composition. This necessitates the search for new sources of 
novel oils. So far, a large number of plants have been analyzed and some of these 
have been cultivated as new oil crops [1]. Another approach to introduce novel 
oils is to develop new cultivars from already established oil crops for innovative 
end-uses. 
The legume family (Leguminosae) is attracting the attention of researchers as 
a source of valuable food ingredients proteins, lipids, and carbohydrates. The seeds 
of leguminous plants are used as food products and also serve as the raw material for 
obtaining individual components - food fiber, protein, phospholipids, fatty acids. 
The fatty acids of the seeds of leguminous plants are distinguished by high food 
qualities. Some species of family Leguminosae are a source of cheap protein for 
both humans and animals [2]. Some of these leguminous species are groundnut 
{Arachis hypogea), cowpea (Vigna anguiculata), soybean {Glycine max), common 
bean (Phaseolus vulgaris), pea (Pisum sativum), lentil (Lens culinaris) and broad 
bean {Vicia faba). Groundnut and soybean have received considerable attention 
because of their high oil as well as high protein contents. Therefore, their fat 
characteristics and fatty acid components have been extensively investigated [3-6]. 
The genus Prosopis belongs to the family Leguminosae, subfamily 
Mimosaceae and comprises 44 species distributed mainly in arid and semiarid 
tropical and subtropical countries. Prosopis cineraria (L.) Druce is prickly tree or 
shrub and commonly found in dry and arid regions of north-western India, southern 
India, Pakistan, Afghanistan, Iran and Arabia [7]. The tree is known locally as 
jandi or khejri (India), jand (Pakistan), and ghaf (Arabic). Its synonym 
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is P. spicigera. Leaves and pods are extensively used as fodder for cattle, camels 
and goats. Pods are also eaten as a vegetable in the human diet in some areas. In 
Rajasthan, green pods called sangiri are boiled and dried [8]. The flowers are 
valuable for honey production. The bark can be used in leather tanning and yields an 
edible gum. In many desert regions of the world the seeds of Prosopis species have 
been proposed as a source for agro-industrial development of economic foods for 
humans and animals [9,10]. 
Prosopis species have also been extensively used in indigeneous 
system of medicine as folk remedy for various ailments [7, 11] like leprosy, 
dysentery, bronchitis, asthma, leucoderma, piles, muscular tremors and wandering of 
the mind. It is also known to possess anthelmintic, antibacterial, antifungal, 
antiviral, anticancer and several other pharmacological properties. Leaf paste 
of P. cineraria is applied on boils and blisters, including mouth ulcers in 
livestock and leaf infusion on open sores on the skin [12-15]. The smoke of the 
leaves is considered good for eye troubles. Jewers et al. [16, 17] have studied 
the phytochemicals in the leaves of P. cineraria and reported alkaloid 
namely spicigerine; steroids namely campesterol, cholesterol, sitosterol, 
stigmasterol; alcohols namely octacosanol and triacontan-1-ol; and alkane 
hentriacontane. Recently, phytochemical examination of P. cineraria leaves 
has been studied by Malik et al. [18] an methyl docosanoate, diisopropyl-9,10-
dihydroxyicosane-l,20-dioate, tricosan-1-ol and 7,24-tirucalladien-3-one have been 
reported for the first time. 
The present study undertakes the investigations on the chemical examination 
of its seeds and isolated a new fatty acid along with the usual fatty acids, reported 
for the first time, from the petroleum-ether extract of the seeds. 
2.2 Results and Discussion 
The analytical values of oil and seeds (Table 1) were determined 
according to the procedure recommended by the AOCS [19]. The seed oil did 
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not respond to the Halphen test [20], 2,4-dinitrophenyl hydrazine-thin layer 
chromatography test (2,4-DNPH-TLC) [21] and the picric acid-TLC test [22] 
thereby indicating the absence of cyclopropenoid, keto and epoxy fatty acids. The IR 
spectra of the oil, as well as its methyl ester showed the presence of hydroxy group. 
The infrared spectrum also showed characteristic absorption bands at 756 cm"' and 
1600 cm"' indicating the presence of cw-double bond. However, IR and UV spectra 
of oils showed no evidence for /'/•a/j^-unsaturation or the presence of conjugation. 
TLC analysis of the methyl esters showed two spots that correspond to standard 
usual and monohydroxy methyl esters. 
Table 1 Analytical value of P. cineraria seed oil 
Oil content (%) 
Protein Content (%) 
Iodine value 
Saponification value 
Refractive index, n^ °D 
Halphen test 
Picric-acid-TLC test 
2,4-DNPH-TLC test 
10.6 
16.5 
87 
195 
1.4885 
-ve 
-ve 
-ve 
Quantitation of component acids was made by GLC analysis of the methyl 
esters as their trimethylsilyl (TMS) derivatives and data are given in Table 2. The 
P. cineraria seed oil has been found to contain total saturated fatty esters (28.6 %), 
total unsaturated fatty esters (68.3 %) and methyl hydroxy fatty ester (3.1 %). The 
seed oil is rich in linoleic acid (32.1 %) along with oleic acid (31.3 %). 
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Table 2 Composition of silylated fatty acid methyl esters of (percentage of 
total silylated fatty acid methyl esters) Prosopis cineraria seed oil 
Component Area (% by GLC) 
14:0 (Myristic) LS 
16:0 (Palmitic) 15.2 
16:1 (Palmitoleic) 0.8 
18:0 (Stearic) 2.2 
18:1 (Oleic) 31.3 
18:2(Linoleic) 32.1 
18:3(y-linolenic) 2.9 
20:0 (Arachidic) 4.4 
20:1 (Gadoleic) 1.2 
22:0 (Behenic) 4.1 
24:0 (Lignoceric) 1.2 
18:l-OH(Ricinoleic) 3.1 
To determine the absolute identity of hydroxy ester, freshly prepared 
mixed fatty acid methyl esters were chromatographed over a column of silica-gel. 
Elution with petroleum ether-diethyl ether (70:30 v/v) gave pure hydroxy fatty ester. 
IR of the isolated ester again showed the hydroxyl band at 3425 cm''and the absence 
of /ra«5-unsaturation. The elemental analysis of the ethyl ester corresponded to the 
molecular formula C19H36O3, suggesting an eighteen carbon fatty acid. 
The ' H N M R spectrum exhibited signals at 5 5.43 (m, 2H, -CH=CH-), 
3.75 (m, IH, -C//-OH), 3.61 (s, 3H, -COOCH3), 2.71 (br.s, IH, -CH-OH , 
disappeared upon addition of D2O), 2.32 (m, 2H, a to -C//2-CO-), 
2.04 (m, 4H, -CH2-CH=CH-CH2), 1.27 (br.s, 20H, chain C//2) and 0.88 (dist.t, 3H, 
terminal -C//3). '^ C NMR spectrum of the methyl ester of hydroxy fatty acid was 
also helpful in assigning the structure. It showed characteristic signal at 8 172.2 for 
carbonyl carbon, 130.1 attributed to C-9 and C-IO, 29.4 (C-8), 31.5 (C-11), 
71.5 (C-12), 33.8 (C-13) and 51.4 (OCH3). 
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The acetate derivative of the pure hydroxy ester showed a strong band at 
1235 cm'' and no hydroxyl absorption band in its IR spectrum. The ' H N M R 
spectrum (acetate derivative) showed no unusual features apart from two expected 
but significant signals at 6 4.7 as multiplet for one methine proton (C//-OAc) and at 
5 1.9 as singlet for acetoxy methyl protons (-OCOCH3). The disappeaence of the 
signal for hydroxyl group confirmed the original acid as hydroxy acid. 
Catalytic hydrogenation [23] of hydroxy-olefinic ester gave a saturated 
hydroxy ester melting at 54-55 C which was identified as methyl 
12-hydroxystearate with an authentic sample (Scheme 1). 
H3C 
(la) R = H 
(lb) R = CH3 
OH 
OR 
KMnO^/NalO^ 
OH O O O 
"3C»XAoH + HoA^OH 
(4) (5) 
Pd/C 
OH O 
••-HaC 
H, '5 " 1 0 ° ^ ^ ^ 
(2) 
(i)HI/P 
(ii)Zn/HCl 
H,C 
16 
(3) 
OCH, 
Scheme 1 
The oxidative degradation of the original hydroxy acid obtained 
from P. cineraria seed oil was performed (Scheme 1) [24]. Formation of the 
azelaic acid (4) showed that the double bond was at C-9 and that the hydroxyl 
function was not located between the double bond and the carbonyl group. The other 
product, 3-hydroxy pelargonic acid (5), placed the hydroxyl position at C-12. 
The MS of the TMS derivative of the hydroxy-olefinic ester was identical to 
the TMS derivative of the authentic methyl ricinoleate. Structure- revealing ions 
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were observed at m/z 187 and 299, and a TMS rearrangement ion [25] at m/z 270 
unequivocally established the position of hydroxyl at C-12 and indicated double 
bond at C-9 (Fig. 1). 
+ 
CH3—{CH2) 
m/z 187 
OTMS 
C H — C H 2 — C H ^ CH—(CH2)7— C 
,OCH, 
> < 
X 
m/z 299 
OCH3 
[ — C H 2 — C H = C H — ( C H 2 ) 7 — c X * ] 
OTMS 
m/z 270 
Fig.l 
On the basis of these physical and chemical evidences, the hydroxy acid was 
characterized as (Z)-12-hydroxyoctadec-9-enoic acid, commercially known as 
ricinoleic acid. 
23 
Prosopis cineraria Seed Oil 
2.3 Experimental 
Plant material and extraction of seed oil 
The seed were purchased from Pratap nursery, Dehradun (U.P.)-
The air-dried seeds were powered and extracted thoroughly with light petroleum 
ether (bp- 40-60°C) in a Soxhlet extraction for 8 hrs to yield 10.6% of oil. 
Preparation of methyl esters 
Saponification of the seed oil was carried out by refluxing it with 0.5N 
alcoholic KOH. The unsaponifiable material was removed by diethyl ether 
extraction and free fatty acids were obtained by acidification with dil H2SO4 of 
aqueous layer followed by extraction with diethyl-ether. 
Methyl esters were prepared by refluxing the mixed fatty acids (MFA) for 
1 hr in excess of methanol containing catalytic amount of sulphuric acid. In each 
case, the resulting mixture was diluted to the cloud point with water chilled in ice 
bath, and then extracted repeatedly with diethyl-ether. Combined extracts were 
washed with 5% aqueous sodium bicarbonate and dried over anhydrous sodium 
sulphate [26]. 
Preparation of trimethylsilyl derivatives of methyl ester 
Silylation of the methyl ester of P. cineraria was done 
by treating with hexamethyldisilazane and trimethyl chlorosilane [26]. 
To the hydroxy fatty acid compound (up to 10 mg) is added pyridine (0.5 mL), 
hexamethyldisilazane (0.15 mL) and trimethylchlorosilane (0.05 mL). The mixture 
is shaken for 30 seconds and then is allowed to stand for 5 min. An aliquot can then 
be injected directly into a gas chromatography column; alternatively, the reaction 
mixture can be taken to dryness on a rotary evaporator, the products extracted with 
n-hexane (5 mL), the n-hexane layer washed with water (1 mL) and dried over 
anhydrous sodium sulphate, before the solvent is removed. The silylated methyl 
esters were subjected to GLC analysis. 
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Acetylation of hydroxy methyl ester 
The hydroxy methyl ester (up to 50 mg) is dissolved in acetic anhydride in 
pyridine (2 mL, 5:1. v/v), and is left at room temperature overnight. The reagents are 
then removed in a stream of nitrogen with gentle warming and the acetylated ester is 
purified by preparative TLC on silica gel layers, generally with n-hexane-diethyl 
ether (80:20, v/v) as the mobile phase. 
Position of double bond 
Catalytic hydrogenation of lb with 10% Pd/C in ethanol (5 mL) gave 
saturated hydroxy ester (2) melting at 54.2-54.3 °C which was identified as methyl 
12-hydroxystearate (2) by comparing mp (54.2-54.3 °C) with an authentic sample. 
Reductive deoxygenation of 2 by hydrogen iodide-phosphorous carried out as 
follows. Compound (2) (40 mg) was refluxed for 17 hrs with red phosphorus 
(18 mg) and hydriodic acid (1.2 mL). Diethyl ether extraction of the diluted mixture 
followed by washing vdth 5% sodium metasulphite gave an oily product, which was 
reduced by refluxing for 4 hrs with granular zinc (100 mg). Workup with diethyl 
ether of the mixture afforded methyl stearate (3) as identified by GLC and co-TLC, 
confirming a normal C-18 skeleton for hydroxy acid. 
Position of hydroxy function 
The oxidative degradation of the original hydroxy acid was performed as 
follows. One milliliter of stock oxidant solution (prepared by mixing 20.86 gm of 
sodium metaperiodate and 0.39 gm of potassium permanganate in 1 L water) and 
potassium carbonate solution (1 mL) was added to la (1 mg) in /erZ-butanol (1 mL). 
The reaction mixture was slowly stirred at room temperature for Ih. After that, the 
solution was acidified by one drop of concentrated sulphuric acid, extracted with 
diethyl ether and dried over anhydrous sodium sulphate. The solvent was evaporated 
in a stream of nitrogen to yield two major products identified by GLC after 
methylation with diazomethane as azelaic (4) and 3-hydroxypelargonic acid (5). The 
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formation of these products placed the hydroxyl group at C-12. The identity of the 
cleavage products (4) and (5) was also made by comparing their retention times with 
those of authentic samples prepared by the oxidation of ricinoleic acid obtained from 
castor oil. 
Instrumentation 
IR spectra were obtained on Shimadzu 8201 PC FT-IR as liquid films. 
The ultraviolet (UV) measurements were made on a methanolic solution with a 
Cintra 5 UV-vis. 'H N M R and '^ C NMR spectra were recorded in CDCI3 on a 
Bruker Avance 11-400 instrument. Chemical shifts were measured in ppm downfield 
from internal tetramethylsilane (5=0). Mass spectra were obtained in Shimadzu 
QP-2000 spectrometer. The GLC analysis were carried out using a Varian Vista 
6000 instrument equipped with FID (290 °C) detector using a stainless steel column 
packed v^th 15% OV-275 on chromosorb-W (80-100 mesh). Separations were 
carried out at programmed temperature of 140-200 °C (10 °C min''). The peaks were 
identified by comparing their retention times with those of standard reference 
samples under similar conditions. 
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3.1 Putranjiva roxburghii Seeds: Oil Content and Fatty Acid 
Composition During Different Stages of Seed Maturity 
Seed oils of the Euphorbiaceae show a great variabiHty in their 
lipid composition [1]. The seed oils from some members of this plant family, 
e.g. Ricinus communis, Vernonia species and Aleurites species, play an important 
economic role in many countries and are used widely in pharmaceutical and 
technical applications [2]. To extend the knowledge about seed oils of this 
plant family, the sample of Putranjiva roxburghii seeds at different 
stages during maturity was examined. The plant P. roxburghii belongs to the plant 
family Euphorbiaceae, which consists of approximately 300 genera with about 8000 
species [3]. Putranjiva is a small genus of trees from the IndoMalaysian region. The 
species, P. roxburghii is a dioecious, evergreen tree with pendent branches, attaining 
a height up to 18 m and a girth of 2 m, found wild or cultivated in almost all parts of 
India. The bark is grey and the leaves are 5-10 cm long, dark green, and shinning; 
the yellowish male flowers are small and occur in dense, rounded clusters, but the 
female flowers are solitary. The tree usually grows in alluvial soil alongside rivers or 
in swaps or evergreen forests. It is often planted in gardens, for hedges and on 
roadsides, chiefly for shades. No products of this plant in any form have 
found wide or popular use. The oil of P. roxburghii seed is not commercially 
available, nor is it present in traders' lists. The seed yield fatty oil, used for heating 
and cooking [4]. The oil could be used for the production of factice [5] and also be 
used as potential herbal preservative for peanuts during storage [6]. 
For the efficient improvement of oil quality, the accumulation pattern in 
developing seeds and its relation to fatty acid composition must be investigated. 
In general there are two substantial changes during development: one is the change 
in seed volume and the other is biochemical and physiological changes. The former 
involves division, enlargement and differentiation of seed cells and the latter 
involves changes in seed components such as storage lipids, fatty acids and other 
seed storage metabolic substances [7]. The oil content and fatty acid composition of 
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the oilseeds are modified by the duration of the seed development [7, 8-13]; in this 
sense, the genetic analysis of oil and fatty acid composition needs to take 
into account the duration of development [11]. The chemical composition of the 
seed oil depends on the genetic and environmental conditions as well as the stage of 
maturity of the seed. Information on the changes in oil and fatty acids in 
P. roxburghii seeds at different stages of seed development and in different parts of 
the head is still insufficient or limited. The objective of this research was to 
determine the oil content and fatty acid composition of P. roxburghii seeds during 
different stages of seed maturity. 
3.2 Results and Discussion 
Changes in fatty acids are of special importance to the quality of the oil. In 
the present study, oil content and fatty acid accumulation patterns resulting from 
seed development duration were studied. Variation in oil content, saponification 
value (SV) and iodine value (IV) during stages of seed maturation are given in 
Table 1. Oil content and iodine value increases on maturation of seeds. The results 
in Table 2 showed that the composition of fatty acids changed significantly during 
seed development. Palmitic, stearic, oleic and linoleic acids comprised over 98.8% 
of total lipids on the average in the fully mature seeds and of these oleic and linoleic 
acids comprised over 87.5 % of total fatty acids. Significant changes in the 
contents of the saturated fatty acids (palmitic and stearic) and unsaturated fatty acids 
(oleic and linoleic) were observed during seed development. The accumulation 
patterns of palmitic and stearic acids were quite different, as the seeds developed. In 
the month of September (2007), palmitic acid content was 29.8 % which decreased 
significantly with seed development, reaching minimum values of 6.2 % in the 
month of January (2008), while stearic acid showed a regular increase from 4.1 % to 
5.1 % (i.e. from September 2007 - January 2008 as shown in Table 2). Similar 
results were observed in other seed oils too [14]. 
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The results showed that oleic acid in the fully matured seeds was the major 
component comprising 57.6 % of the total fatty acids, followed by linoleic (29.9 %), 
palmitic (6.2 %) and stearic (5.1%). In total these four constituted about 98.8 % of 
the total fatty acids. The study displayed significant variation amongst them for 
individual fatty acids. Broader ranges of variation were observed for palmitic, oleic 
and linoleic acids in contrast with the other fatty acids. 
Table 1 Variation in oil content, saponification value and iodine value during different stages 
of seed development 
September 2007 November 2007 January 2008 
Oil Content % 
Saponification value 
Iodine value 
25.8 
230 
66 
32.5 
220 
92 
42 
216 
101 
Table 2 Variation of fatty acid composition of P. roxburghii seeds during 
different stages of seed development 
Fatty acids composition 
12:0 (Laurie) 
14:0 (Myristic) 
16:0 (Palmitic) 
16:1 (Palmitoleic) 
18:0 (Stearic) 
18:1 (Oleic) 
18:2 (Linoleic) 
20:0 (Arachidic) 
Total saturated fatty acids 
Total unsaturated fatty acids 
September 2007 
3.8 
1.9 
29.8 
16.4 
4.1 
28.2 
15.8 
-
39.6 
60.4 
Area % 
November 2007 
-
-
13.9 
-
4.5 
55.4 
25.8 
0.4 
18.8 
81.2 
January 2008 
-
-
6.2 
-
5.1 
57.6 
29.9 
1.2 
12.5 
87.5 
Oil content was found to associate positively with oleic and linoleic acids but 
had an inverse relationship with palmitic and palmitoleic acids. Palmitic acid was 
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inversely associated with both stearic and oleic acids, which were positively 
correlated. These observations agree with various reports on oil composition studies 
in other oil crops. Flagella et al. [15] showed that in sunflower, an increase in 
palmitic acid is accompanied by a decrease in both oleic and stearic acids. Studies 
on soybean [16], peanut [17] and winter oilseed rape [18] also revealed strong 
inverse relationships between palmitic and oleic acids. The synthesis of 18-carbon 
fatty acids proceeds via a single step elongation of 16-carbon acyl chains, followed 
by desaturation [19]. The elongation step plays an important role in regulating the 
relative amounts of palmitic acid and the 18-carbon fatty acids [20]. 
There are many important changes in the seed and oil characteristics of 
P. roxburghii during seed maturity or development. The results could be improved 
by experiments including more genotypes, years and locations. However, the 
information obtained from this study could be helpful in agronomic, genetic and 
biotechnological research related to determining the ideal harvest time, applying 
some specific chemical agents and modifying fatty acid composition. 
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3.3 Experimental 
Plant material and extraction of seed oil 
The seed were collected from the botanical garden, Aligarh Muslim 
University, campus in three different months. The analytical values of oil (Table 1) 
were determined according to the procedure recommended by the AOCS [21]. 
The air-dried seeds were powered and extracted thoroughly with light petroleum 
0 
ether (bp- 40-60 C) in a Soxhlet extraction for 8 hrs to yield oil. 
Preparation of fatty acid methyl esters (FAMEs) 
Every time the seeds from a given month were bulked and representative 
samples were taken for total fatty acid analysis. First the extracted oil was 
saponified. Saponification of the seed oil was carried out by refluxing it with 0.5N 
alcoholic KOH. The unsaponifiable material was removed by diethyl ether 
extraction and free fatty acids were obtained by acidification with dil H2SO4 of 
aqueous layer followed by extraction with diethyl ether. 
Methyl esters were prepared by refluxing the mixed fatty acids (MFA) 
for 1 hr in excess of methanol containing catalytic amount of sulphuric acid. In each 
case, the resulting mixture was diluted to the cloud point with water chilled in ice 
bath, and then extracted repeatedly with diethyl-ether. Combined extracts were 
washed with 5 % aqueous sodium bicarbonate and dried over anhydrous sodium 
sulphate to yield FAMEs which were subjected to gas liquid chromatography [22]. 
Instrumentation 
The GLC analysis were carried out using a Varian Vista 6000 instrument 
o 
equipped with FID (290 C) detector using a stainless steel column packed 
with 15 % OV-275 on chromosorb-W (80-100 mesh). Separations were carried out 
at programmed temperature of 140-200 C (10 °C min"'). The peaks were identified 
by comparing their retention times with those of standard reference samples under 
similar conditions. 
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Synthesis of 2-Substituted Benzothiazoles 
4.1 Theoritical 
For more than a century, heterocycles have constituted one of the largest 
areas of research in organic chemistry. The presence of heterocycles in all kinds of 
organic compounds of interest in biology, pharmacology, optics, electronics, 
material sciences, and so on is very well known. Among them, sulphur and nitrogen 
containing heterocyclic compounds have maintained the interest of researchers and 
their unique structures lead to several applications in different areas. Sulphur and 
nitrogen organic aromatic heterocycles are formally derived from aromatic carbon 
cycles with a heteroatom taking the place of a ring carbon atom or a complete 
CH=CH group. Although the presence of nitrogen and sulphur atoms in a ring was 
normally associated with instability and difficulties in the synthesis, stable sulphur 
and nitrogen heterocycles with unusual properties can be frequently obtained. 
The presence of heteroatoms results in significant changes in the cyclic molecular 
structure, due to the availability of unshared pairs of electrons, and in the reactivity, 
compared with the parent aromatic hydrocarbons. In contrast to the number and 
variety of such heterocycles, the number of synthetic methods to afford sulphur and 
nitrogen- containing molecules is, in practice, restricted to the availability of the 
appropriate sulphur and nitrogen reagent. Sometimes the preparation of these 
heterocyclic systems by conventional ways is difficult work that implies many 
synthetic steps and extensive starting material. For all these reasons, the various 
possibilities offered by the microwave technology are particularly attractive, very 
fast, high-yielding protocols and the avoidance or facilitation of purification are 
highly desirable. Despite of the area of microwave-assisted chemistry being 20 years 
old, the techiiique has only recently received widespread global acceptance in the 
academic and industrial communities. This is a consequence of the recent 
availability of commercial microwave systems specific for synthesis, which offers 
improved opportunities for reproducibility, rapid synthesis, rapid reaction 
optimization and the potential discovery of the new chemistries. The beneficial 
effects of microwave irradiation are finding an increased role in process chemistry, 
36 
Synthesis of 2-Substituted Benzothiazoles 
especially in cases when usual methods require forcing conditions or prolonged 
reaction times. Microwaves have also shown an advantage where processes involve 
sensitive reagents or when products may decompose under prolonged reaction 
conditions. 
Benzothiazoles are bicyclic ring system with multiple applications. Being a 
heterocyclic compound, benzothiazoles find use in research as a starting material for 
the synthesis of larger, usually bioactive structures. Its aromaticity makes it 
relatively stable, although as a heterocyclic, it has reactive sites which allow for 
functionalization. 
Many dyes and pharmaceutical drugs such as 4-(3,6-dimethyl-l,3-
benzothiazol-3-ium-2-yl)-N,N-dimethylaniline chloride (Thioflavin) (i) and 
6-(trifluoromethoxy) benzothiazol-2-amine (Riluzole) (ii) have benzothiazoles as 
structural motifs. Thioflavin is used to visualize plaques composed of amyloid beta 
found in the brains of Alzheimer's disease patients as well as other amyloid proteins 
and riluzole is used to treat amyotropic lateral sclerosis. 
H,C 
HoN 
(i) 
(ii) 
In the 1950's, a number of 2-aminobenzothiazoles were interestingly studied 
as central muscle relaxants. Since then medicinal chemists have not taken active 
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interest in this chemical family, until the pharmacological profile of riluzole [1] (ii) 
was discovered. After that benzothiazoles derivatives have been studied 
extensively and found to have diverse chemical activity and broad spectrum 
of biological activity. Although they have been known from long ago to be 
biologically active [2-4] their varied biological features are still of great scientific 
interest. 
They show a wide spectrum of chemotherapeutic activity and a considerable 
amount of work has been done on the synthesis of new potent antibacterial and 
antifungal benzothiazoles. The 2-(substituted phenylsulphonamido)-6-substituted 
benzothiazoles (iii) [5], 6-fluoro-7-(substituted)-(2-N-/7-anilinosulphonamido) 
benzothiazoles (iv) [6], 2-[(4-amino-2,4-diaminophenyl)]sulphonyl derivatives of 
benzothiazoles (v) [7], N-cycloalkyIidene-2,3-dihydro-l,3-benzothiazoles (vi), 
N-cycloalkyl-2-acylalkylidene-2,3-dihydo-l,3-benzothiazoles (vii), N-alkyl-2-
acylalkylidene-2,3-dihydro-1,3-benzothiazoles (viii) etc. were screened for 
antibacterial and antiftingal activities [8]. 
R' 
NHSO COOH 
(iii) 
R=C1, Br, CHj, OCH3; 
R' = I, CH3, NH2 
NHSO 
(iv) 
R= o-nitroanilino, m-nitroanilino, 
p-nitroanilino, o-chloroanilino, 
p-chloroanilino, morpholino, piprazino, 
dimethylamine 
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NHCO 
(V) 
^ 
^R' 
R'= H, 2-F, 3-F, 4-F, l-CFj.S-CF,, 2, 6-diF 
X= H, F, CH3, OCH3; n= 3 
R= CH3, C2H5, C3H7, C4HJQ, CgHj3 
X = H; n = 8, 3 
R= CH3, C2H5, CgHj, (CH2)3; 
Ri=H,(CH2)3 
(viii) 
X= H; Y= C4H5 
R= CgHj, -CH2-N(CH2C6H5)-(CH2)2 
Ri= H, CH2-N(CH2C6H5)-(CH2)2 
Significant anti-inflammatory activity is displayed by some new 
4-butyl-5-substituted-2-(5-methyI-benzothiazol-2-yl)-2,4-dihydro-pyrazoI-3-one (ix) 
and 5-substituted-2-(5-methyl-benzothiazol-2-yl)-2,4-dihydro-pyrazol-3-one (x) [9]. 
N—N 
(ix) 
R= H, CH3, OCH3, CI, F 
CH2CH2CH2Cn3 
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(X) 
R= H, CH3, CgHj, P-CI-C6H4 
In search of new anticonvulsants, riluzole (ii) and benzothiazolylguanidines 
(xi) are found to have potent activity [10]. 
r . ^ ^ ^ 
R= R'= 2-CH3, 3-CH3, 4-CH3, 
2-CI, 3-Cl, 4-Cl, 2-OCH3, 
4-OCH3, 4-Br 
A series of potent and selective antitumour agents mostly from substituted 
2-(4-aminophenyl) benzothiazoles (xii) were developed and examined, in vitro, their 
antitumour activity in ovarian, breast, lung, renal and colon carcinoma human cell 
lines [11-21]. 
(xii) 
R= H, CH3, CI, I, Br 
Various substituted 2-(4-acetamidophenyl sulphonamido) benzothiazoles and 
2-(4-aminophenyl sulphonamido) benzothiazoles (xiii) containing different 
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functional groups have been synthesized and were screened for their antitubercular 
activity [22]. Among them, 2-(4-acetamido-2-bromo-5-methylphenyl sulphonamido) 
benzothiazole is found to be effective as antitubercular agents. 
NHR^ 
(xiii) 
R' = H, CH3, COOH; R' = H, CI, Br, NOj 
R^=H,COCH3 
Several 2-alkoxy and 2-alkylthiobenzoxazole and benzothiazoles derivatives 
(xiv) showed excellent anti HRV activity [23]. 
(xiv) 
Me 
N—N ^ 
^O-
X= O, S, NMe 
Y= CH3, CH2CH3, SCH3, OCH2CH3, SCH2CH3, OCH3, 
OCH2CH2CH3, CH2CH2CH3, (CH2)3CH3, OCH2CH3, SCH2CH3 
Compounds like 2-piperazinyl benzothiazoles (xv) are of clinical 
relevance in the treatment of psychotropic diseases e.g. anxiety, depression and 
schizophrenia [24]. 
(CH2)n 
(XV) 
n= 2, 3 or 4 
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The biological profiles of the new generation of benzothiazoles 
represent much progress with regard to the older compounds. Benzothiazolyl moiety 
also exhibits antiglutamate/antiparkinson [25], broad spectrum Ca^^ channel 
antagonist [26], inhibision of enzymes such as aldose reducase [27], monoamine 
oxidase [28], lipooxygenase [29], cyclooxygenase [30], acetylcholine esterase-[llj,_ 
thrombine [32], proteases [33], H^-K* ATPase [34] and carbonic anhydrase [35]. 
The benzothiazoles nucleus is also a key element in some thermally stable rigid-rod 
polymer possessing high tensile strength and modulus [36]. 
The availability of 2-substituted benzothiazoles depends on the preparative 
routes in which the fused thiazole ring is constructed fi-om acyclic reactants. The 
various synthetic strategies that might be adopted for the construction of a 
benzothiazoles moiety are depicted in Scheme 1. 
B 
NH "R 
X = H, CI, Br, I, SMe; Y = O. Se; 
Z = H, OH, OR, NHj 
Scheme 1 
Methods for the preparation of 2-substituted benzothiazoles have 
been extensively studied. The most common direct method is the condensation 
of 2-aminothiophenol with the substituted aromatic aldehydes [37] and 
carboxylic acids or its derivatives in polyphosphoric acids (PPA) [38], 
polyphosphate ester [39], or a mixture of methane sulphonic acid and phosphorous 
pentaoxide (Scheme 2) [40]. 
' / P p ^ / CH3SO3H 
+ A r ^ » 
OH 
Scheme 2 
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Other methods include potassium ferricyanide cyclization of thiobenzanilides 
(Scheme 3) [41], 
R= F, R'= H 
R. R'= F 
K3Fe(CN)4, NaOH "^^ 
EtOH/Hp, 90 °C p j , / OV 
R= F. R'= H 
R, R'= F 
< 
)>—NO2 
\ 
Me 
R= F, R'= H 
R, R'= F 
Scheme 3 
reaction of a,a,a-trihalomethyl aromatic compounds with 2-aminothiophenol in 
PPA [42], palladium-catalyzed reaction of aryl halides with o- aminothiophenol 
in presence of carbon monoxide [43], reaction of 2-aminothiophenol with acid 
chlorides [44], and eerie ammonium nitrate mediated reaction of thiophenols and 
aromatic nitriles (Scheme 4) [45]. 
CAN (2 equi), NaHCOj 
1 
MeCN, RT, 0. 5hrs 
Scheme 4 
However, some of these methods suffer from one or more of the 
disadvantages such as high thermal conditions, long reaction time, sometimes 
require excess of reagents and use of toxic metallic compounds that result in waste 
streams. One of the published microwave-assisted synthesis of benzothiazoles is the 
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condensation of a dinucleophile such as 2-aminothiophenol, with an ortho-Qster in 
the presence of KSF clay in a monomode microwave reactor operating at 60W under 
a nitrogen atmosphere (Scheme 5) [46]. 
+ CH3C(OEt)3 KSF clay, no solvent 
MW, 5 min 
Scheme 5 
Solvent-free microwave-assisted syntheses of benzothiazoles were also 
described by attack of the dinucleophiles on benzaldehydes and benzaldoximines 
(Scheme 6) [47]. 
SH 
NH, 
OHC 
\ / 
CI 
MnOj/SiO^, 
no solvent 
MW, 5 min ' ^ \ // 
CI 
SH 
NH, 
+ HO—NH-C-
H 
W 
R= H, NO2, 3-NO2, 4-NO2, 2CI. 4-OMe 
CaCOCyAljOj, 
no solvent 
MW, 4 min N \ 
Scheme 6 
Following a similar strategy, trifluoroacetyl ketene diethyl acetal was 
successively condensed with 2-aminothiophenol in the presence of toluene in a 
multimode microwave oven to give the 2-(l,l,l-trifIuoroacetonyl) benzothiazole 
ring in an excellent yield (Scheme 7) [48]. 
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OEt 
,SH 
^NH, 
EtO 
Toluene 
MW, 8 min 
CH2COCF3 
Scheme 7 
Condensation of 2-aminothiophenoI with the P-chlorocinnamaldehyde in the 
presence of/7-toluene sulphonic acid (p-TSA) gave moderate yield of benzothiazoles 
(Scheme 8) [49]. 
R= H, Br, 4-Cl, 4-F, 2, 4-, 3, 4-diCl, OMe, OEt, 4-NO2 
Scheme 8 
Manganese (Ill)-promoted radical cyclization of arylthioformanilides and a-
benzoylthioformanilides is a recently described microwave-assisted example for the 
synthesis of 2-arylbenzothia2oles and 2-benzoylbenzothiazoles (Scheme 9) [50]. 
Mn(0Ac)3. 2H2O, 
AcOH 
MW, 110°C,6rtiin 
R= H, Me, CI, Br, OMe; 
R2 = H, CI 
Scheme 9 
Recently, some methods use microwave heating for the synthesis of 2-
substituted benzothiazoles such as condensation of aromatic or aliphatic aldehydes 
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with 2-aminothiophenol on SiOa (Scheme 10) [51], aromatic aldehydes with 
2-aminothiophenol in the presence of nitrobenzene/Si02 or nitrobenzene/ 
montmorillonite KIO [52], or carboxylic acids (Scheme 11) [53]. 
,SH 
^NH, 
+ Ar—CHO 
MW, SiO, 
Solvent - free 
,SH 
^NH, O 
Scheme 10 
r r - ^ MW 
Scheme 11 
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4.2 A Simple, Rapid and Efficient One-Pot Protocols for the 
Synthesis of 2-Substituted Benzothiazole Derivatives and 
their Antimicrobial Screening 
In view of the biological activity of compounds related to sulphonyl 
derivatives, it became interesting in devising ecofriendly synthetic methods for the 
preparation of new benzothiazole compounds dedicated to pharmacological 
evaluation. The application of microwave energy to organic compounds for 
conducting synthetic reactions at highly accelerated rates is an emerging technique. 
In fact in recent years, microwaves have become popular among synthetic organic 
chemists both to improve classical organic reactions, shortening reaction times and/ 
or improving yields, as well as to promote new reactions. The combination of 
solvent-free conditions and microwave irradiation leads to large reductions in 
reaction times with several advantages of this eco-friendly approach [54-56]. 
The present work is in continuation on the study of 
derivatization of fatty acids. Tetrazoles [57, 58], pyrazolines [59], tetrazine [60, 61], 
spiro [oxathiolane-2, 2'-dihydrotetrazoles] [62], aziridines [63], 3,5,6-trisubstituted-
1,2,4-triazines [64], and 2,5-disubstituted-l,3,4-oxadiazoles [65] have been 
previously prepared. Keeping in view the synthetic practical applications of fatty 
acid derivatives, 2-substituted benzothiazoles was synthesized from saturated and 
olefinic (internal and terminal) fatty acids. Since benzothiazoles from long-alkyl and 
alkenyl chain carboxylic acids have not been reported, one-pot, practical, 
inexpensive, rapid and green microwave-promoted solvent-free method with or 
without catalyst using 2-aminothiophenol was developed and the new compounds 
formed were screened for antibacterial and antifungal activity. 
4.3 Results and Discussion 
Considering that MW irradiations using commercial domestic ovens have 
been used to accelerate organic reactions, the high heating efficiency giving 
remarkable rate enhancement and dramatic reduction in reaction times and better 
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acids la-f under MW and solvent free conditions is carried out in short time 
(Scheme 12, Method A). 
OH 
la-f 
MW 
Solvent-free 
3a-f 
1,3 
a 
b 
c 
d 
e 
f 
R 
^zC.'^vf^^^i 
H a C ^ i ^ C H ^ 
HE 
6 5 
OH * 
OH 
3 6 
Scheme 12: Synthesis of 2-substituted benzothiazoles in microwave-assisted, 
solvent-free conditions 
In order to determine the optimum conditions for the synthesis of 2-alkyl and 
2-alkenylbenzothiazoles in faster and efficient ways, the effect of variation in the 
molar ratios of reagents and the irradiation time and power level of microwave 
set-up was investigated. After some experimentation, a set of conditions were found 
that generally provides 2-substituted benzothiazoles in moderate yields. The 
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optimum conditions employed are that the molar ratio of fatty acids and 
2-aminothiophenol is 1:1.2 and irradiation time and power level of microwave set up 
are 30 min and full power. 
Table 1 Optimization of the microwave-assisted condensation of Ic and 2^ 
Entry V2^ Time (min) Power (%)' Yield (%)' 
1 
2 
3 
4 
5 
1.0/1.2 
1.0/1.2 
1.0/1.2 
1.0/1.2 
1.0/1.2 
30 
30 
30 
30 
30 
50 
60 
80 
100 
Nil 
30 
40 
61 
' The mixture of the undec-10-enoic acid (2.5 mmoles) and 2-aminothiophenoI (3 mmoles) was 
irradiated using a domestic microwave oven. 
""Microwave equipment muitimode was used. 
'100% power means full power and is 1.35 KW. 
""Ali yields refer to isolated products and the products were characterized by IR, ' H N M R and 
"C NMR. 
As shown in Table 1, one equivalent of fatty acid reacts with 1.2 equivalent 
of 2-aminothiophenol to yield corresponding 2-substituted benzothiazoles. When the 
reactions were performed upto 50% power, no reaction took place. To carry out the 
reaction power was increased up to 80% as a result of which 2-substituted 
benzothiazoles were obtained but the yield was low (about 40%). In order to 
increase the yield full power was used. 
Since the compoimd 2-(dec-9-enyl)-benzothiazole (3c) was obtained 
in optimal yield, it was thought to carry out the reaction in presence of catalyst, 
with the aim to increase the yield. The reagent chosen was phosphorus 
pentasulphide (P4S10). It is a very useful and versatile reagent for the synthesis 
of various organosulphur compounds and it has been used for thionation 
and could be safely used under microwave irradiation [66]. Thus, when a 
mixture of fatty acids la-f and 2-aminothiophenol 2 were irradiated with MW in 
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presence of P4S10, it resulted in the formation of corresponding 2-substituted 
benzothiazoles 3a-f (Scheme 13, Method B). 
la-f 
MW 
P4S,Q, Solvent - free 
3a-f 
Scheme 13: Synthesis of 2-substituted benzothiazoles in presence of catalyst 
under microwave, solvent-free conditions 
The reaction proceeded efficiently and was completed within 3-4 min as 
compared to the reaction without catalyst. The use of P4S10 as catalyst was found to 
be satisfactory in terms of yield (Table 2). Compound 3c was obtained in 61% yield 
when irradiated under multimode microwave oven for 30 minutes however when the 
substrates were irradiated only for 4 minutes 3c was obtained in 85% yield. It was 
also observed that the yield of both 2-alkyl and 2-alkenylbenzothiazoles did not 
depend on the length of fatty acid chain. 
Table 2 Reaction conditions and yield of 2-substituted benzothiazoles 
Compound 
3a 
3b 
3c 
3d 
3e 
3f 
Microwave 
Equipment 
Multimode 
Multimode 
Multimode 
Multimode 
Multimode 
Multimode 
"Monitored by TLC. 
Power (%) 
Without 
catalyst 
100 
100 
100 
100 
100 
100 
With 
P4S10 
60 
60 
60 
60 
60 
60 
Time taken (min)* 
Without 
catalyst 
28 
28 
30 
30 
30 
30 
With 
P4S10 
3 
3 
4 
4 
4 
4 
Yield (%)" 
Without 
catalyst 
65 
63 
61 
62 
60 
60 
With 
P4S10 
82 
82 
85 
83 
81 
80 
All yields are for isolated products obtained after column chromatography. 
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Although microwave irradiation might seem simply an alternative to 
conventional heating for introducing energy into reactions, which can efficiently be 
used for the synthesis of heterocyclic skeletons, especially benzothiazoles but, in 
fact, there is no general rule and some reactions performed in the presence of solvent 
may sometimes be more convenient than the same dry-media conditions. 
Thus 2-substituted benzothiazoles were also prepared by 
the condensation of 2-aminothiophenol with various fatty acid chlorides 
(Scheme 14, Method C). Carboxylic acids were replaced by their more reactive 
derivative acid chlorides. 
O O 80°C O 
SH 
NH, 
S R-< + J.„ • R^ -^ " f T V R 
bH °' '^ l 2hr b 25 "C \ :AN 
la-f la<.f 3a-f 
Scheme 14: Synthesis of 2-substituted benzothiazoles 
At first we focused on the reaction of fatty acid with thionyl chloride. Since 
fatty acid chlorides are not commercially available we planned to synthesize later 
in-situ. In a typical procedure, fatty acid (2.5 mmoles) la-f was treated with thionyl 
chloride (3 mmoles) under neat conditions at 80 °C for 2 hrs, to yield the 
corresponding fatty acid chloride la'-f. The complete conversion of fatty acid 
chloride la'-f was monitored by taking an aliquot portion of the reaction mixture 
with a few drops of methanol followed by TLC. The appearance of new spot of 
methyl ester and disappearance of fatty acid spot showed the complete conversion to 
the corresponding acid chloride, otherwise formation of acid chloride would not be 
observed on TLC plate due to trailing effect of acid chloride. Acid chlorides of 
saturated, olefinic and hydroxy fatty acids were formed with sufficient ease. In next 
step excess of thionyl chloride was distilled off and 2-aminothiophenol (3 mmoles) 
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was added. Since the addition of 2 with acid chloride is an exothermic reaction 
therefore mixing should be carried out at 0-5 °C. Excellent yields were obtained in 
all cases (Table 3). The investigations showed that 2-aminothiophenol reacts 
smoothly with various saturated, olefmic and hydroxy fatty acid chlorides in short 
time. The corresponding 2-substituted benzothiazoles 3a-f was obtained in excellent 
yields. Double bond, hydroxy group or chain length does not affect the yield 
of 2-substituted benzothiazoles (Table 3). 
Table 3 2-Substituted benzothiazoles 
Compound '^" 3a 3b 
Yield (%)*= 98 98 
3c 
97 
3d 
98 
3e 
95 
3f 
90 
'The fatty acid (2.5 mmoles) was treated with thionyl chloride (3 mmoles) at 80 C for 2 hrs 
followed by the addition of 2 (2.5 mmoles) at r.t. in toluene fori.5 hrs. 
""All compounds were characterized by IR, 'H NMR, '^C NMR, MS and elemental analyses. 
•^  All yields are for isolated products obtained after column chromatography. 
This method is competitive with previous ones, since it leads to good yields. 
The process can be used for parallel synthesis of benzothiazoles since reaction 
conditions for each kind of carboxylic acid are similar. The titled compounds were 
identified on the basis of IR, ' H NMR, '^ C NMR, mass spectra and elemental 
analyses. 
' H NMR spectra of 2-(dec-9-enyl)-benzothiazole 3c showed characteristic 
signals of two sets of doublets at 6 7.96 and 7.84 and two sets of triplets at 
6 7.44 and 7.34 for total four aromatic protons. A triplet for two hydrogens was 
observed at 5 3.11 for methylene protons alpha to thiazole moiety. Methine proton 
of C-9 showed signals at 5 5.85-5.75. C-10 methylene designated as HE and Hz 
displayed two distinct 6 values when coupled with adjacent C-9 methine protons 
and ^CH2 protons. Thus, the ' H NMR spectrum showed two doublet of doublet at 
5 5.02 and 4.90 for Hz and HE protons respectively. '^C NMR spectra also confirm 
the structure of 3c. Characteristic peak was observed at 172.43 ppm for C-2 carbon. 
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The structure of 3c was further supported by its mass spectral studies, which showed 
molecular ion peak at m/z 111) consistent with its molecular formula C17H23NS. Base 
peak appears at m/z 134. Detailed spectra of other titled compounds are given in the 
experimental section. 
The series of the compounds 3a-f were screened for the antimicrobial 
activity against the variety of test organisms' bacteria (e.g. Escherichia coli, 
Staphylococcus aureus, Bacillus subtilis and Salmonella typhimurium), filamentous 
fungi (Helminthosporum oryzae, Aspergillus niger, Penicillium.sp) and Candida 
albicans. Chloramphenicol was used as control drugs for antibacterial effect, and 
nystatin was used as standard drug for antifungal effect to compare their 
antimicrobial activity. 
The antibacterial activity of the synthesized compounds and the control 
drug shown in Table 4 indicated that the compounds 3a-f inhibited in vitro growth 
of a number of microorganisms. The compounds 3a-f showed good activity against 
Gram positive bacteria S. aureus and moderate activity against B. subtilis. Further, 
compounds showed moderate activity against gram negative bacteria E.coli and low 
activity against S. typhimurium. 
Table 4 Antibacterial activity of compounds 3a-f 
Compound Diameter of zone of inhibition (mm) at 100 |ig /ml 
Gram negative 
E.coli S. typhimurium 
Gram positive 
B. subtilis S. aureus 
3a 
3b 
3c 
3d 
3e 
3f 
Control DMF 
Chloramphenicol 
10 
10 
11 
11 
11 
10 
— 
19 
8 
7 
8 
8 
9 
8 
— 
20 
U 
11 
12 
12 
12 
11 
— 
20 
12 
13 
14 
14 
14 
13 
— 
20 
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All the synthesized compounds 3a-f showed good antifungal activity against 
all fungal strains Table 5. 
Table 5 Antifungal activity of compounds 3a-f 
Compoimd 
3a 
3b 
3c 
3d 
3e 
3f 
Control DMF 
Nystatin 
Diameter of zone of inhibition ( 
C. albicans 
15 
16 
16 
16 
17 
16 
— 
20 
PemcilUum. 
13 
14 
13 
14 
15 
14 
— 
17 
sp A. 
;mm) at 100 
niger 
14 
14 
13 
16 
15 
14 
— 
18 
Mg 
H. 
/ml 
oryzae 
15 
15 
15 
14 
12 
12 
— 
17 
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4.4 Experimental 
Hexadecanoic (la), octadecanoic (lb), undec-10-enoic (Ic), (Z)-octadec-9-
enoic (Id) acids were obtained commercially from Fluka chemicals (Switzerland). 
(9Z, 12/?)-12-Hydroxyoctadec-9-enoic (ricinoleic) (le) and (9/?, 12Z)-9-
hydroxyoctadec-12-enoic (isoricinoleic) (If) acids were isolated from the natural 
sources i.e. from Ricinus communis and Wrightia tinctoria seed oils respectively 
following Gunstone's partition method [67]. 2-Aminothiophenol (99+ %) was 
purchased from Sigma-Aldrich (Germany). Thionyl chloride was obtained from 
Merck (Mumbai, India) and was further distilled off before use. Generally (LR) 
grade of solvents were employed for the extraction purposes and when required 
solvents were dried and distilled before use. Homogeneity of the product was 
observed on TLC. ' H N M R and '^ C NMR spectra were recorded in CDCI3 on a 
Bruker DRX-300 instrument. The chemical shifts (6) were measured relative to 
internal TMS. Coupling constants were expressed in Hz. Mass spectra were obtained 
on a Jeol SX-102 (FAB) spectrometer. IR spectra were obtained on Shimadzu 8201 
PC FT-IR using KBr pellets. The MW irradiations were carried out using an 
unmodified domestic oven (LG, Model MC-808WAR, 1.35 KW, 2450MHz). 
General procedure for the synthesis of 2-substituted benzothiazoles in 
microwave-assisted, solvent-free conditions (Method A): 
A mixture of fatty acid (2.5 mmoles) and 2-aminothiophenol (3 mmoles) was 
placed in a beaker and subjected to MW irradiation using a domestic microwave 
oven and irradiated (multimode, ftill power) for appropriate time (Table 2). After 
cooling, the product was extracted with diethyl ether (2 x 30 mL).The combined 
organic layer were washed with saturated solution of NaHCOa (2 x 10 mL), dried 
over anhyd. Na2S04 and evaporated under reduced pressure to give the crude 
product. The product was purified by column chromatography over silica gel 
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(hexane: diethyl ether, 99:1, v/v for 3a and 3b, 98:2, v/v for 3c, 97:3, v/v for 3d and 
94:6, v/v for 3e and 3f). 
General procedure for the synthesis of 2-substituted benzothiazoles in presence 
of catalyst under microwave, solvent-free conditions (Method B): 
A mixture of fatty acid (2.5 mmoles), 2-aminothiophenol (3 mmoles) and 
P4S10 (1 mmole) was placed in a beaker and subjected to MW irradiation using a 
domestic microwave oven and irradiated (multimode, full power) for 
appropriate time (Table 2). After cooling, the product was extracted with diethyl 
ether (2 x 30 mL). The combined organic layer were washed with saturated solution 
of NaHCOa (2 x 10 mL), dried over anhyd. Na2S04 and evaporated imder reduced 
pressure to leave the crude product. The product was purified by column 
chromatography over silica gel (hexane: diethyl ether, 99:1, v/v for 3a and 3b, 98:2, 
v/v for 3c, 97:3, v/v for 3d, 94:6, v/v for 3e and 3f). 
General procedure for the synthesis of 2-substituted benzothiazoles 
(Method C): 
Thionyl chloride (3 mmoles) was added to fatty acid (2.5 mmoles) 
at 80 °C for about 2 hrs to form the corresponding acid chloride. The progress of the 
reaction was monitored by TLC. The excess of thionyl chloride was distilled 
off and 2- aminothiophenol (2.5 mmoles) was added to the cooled reaction mixture 
(0-5 °C) in toluene (10 mL) followed by stirring at room temperature for 
1.5 hrs. The reaction mixture was diluted with ethyl acetate (15 mL) and 
a saturated solution of NaHCOa (10 mL). The organic layer was washed with 
H2O (3 X 15 mL), dried over anhydrous Na2S04 and solvent was removed 
under reduced pressure. The residue was purified by column chromatography 
(silica gel, hexane-diethyl ether 99:1, v/v for 3a and 3b, 98:2, v/v for 3c, 97:3, v/v 
for 3d, 94:6, v/v for 3e and 3f). 
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Antimicrobial activity 
Antibacterial activity 
The newly synthesized compounds were screened in vitro against an 
assortment of two Gram-positive bacteria Staphylococcus aureus MSSA 22 and 
Bacillus subtilis ATCC 6051 and two Gram-negative bacteria Escherichia coli K12 
and Salmonella typhimurium MTCC 98. All the synthesized compounds were 
dissolved in DMF. The antibacterial activity of test compounds and standard 
chloramphenicol was done by filter paper disc method [68]. Media with DMF was 
set up as control. All cultures were routinely maintained on NA (nutrient agar) and 
incubated at 37 °C. The inoculums of bacteria were performed by growing the 
culture in NA broth at 37 °C for overnight. The culture was centrifuged at 1000 rpm 
and pellets was resuspended and diluted in sterile NSS to obtain viable count 
lO^CFU/mL. Diluted bacterial culture suspension (0.1 mL of approximately) was 
spread with the help of spreader on NA plates imiformly. Sterile 8mm discs (Hi-
media Pvt. Ltd.) were impregnated with lOOng/ mL concentration of the test 
compounds. Antibiotic disc, chloramphenicol (30|4g/disc Hi-Media) was used as 
control. The disc was placed onto the plate. Each plate had one control disc 
impregnated with solvent. The plates were then incubated for 24 hrs at 37 °C, and 
the resulting zones of inhibition (in mm) were measured. 
Antifungal activity 
The standard agar disc diffusion method [68] was performed to evaluate the 
antifungal property of the test compounds and standard nystatin. The newly 
synthesized compounds were screened for Aspergillus niger (laboratory isolate), 
Candida albicans (IOA-109), Penicillium sp (laboratory isolate) and 
Helminthosporum oryzae (2537 ICAR, Jaipur). The synthesized compounds were 
dissolved in DMF. Media with DMF was set up as control. All cultures were 
routinely maintained on SDA and incubated at 28 °C. Spore formation of 
filamentous fungi was prepared from 7 day old culture in sterile normal solution 
57 
Synthesis of 2-Substituted Benzothiazoles 
(8% NaCl) and approximately diluted to obtain lO^CFU/mL. The inoculum of non 
sporing fungi, C. albicans was performed by growing the culture in SD broth 
at 37 °C for overnight. The culture was centrifuged at 1000 rpm and pellets was 
resuspended and diluted in sterile NSS to obtain viable count lO^CFU/mL. Diluted 
fungal culture suspension (0.1 mL of approximately) was spread with the help of 
spreader on SDA plates uniformly. Sterile 8mm discs (Hi-media Pvt. Ltd.) were 
impregnated with test compounds. Antibiotic disc, nystatin (SO^ig/disc Hi-Media) 
was used as control. The disc was placed onto the plate. Each plate had one control 
disc impregnated with solvent. The plates were incubated at 28 °C for filamentous 
fungi for 72 hrs or more while for C albicans plates were incubated at 37 °C for 
18-48hrs. 
Spectral Data 
2-(Pentadecyl)-benzothiazole(3a): 
IR (KBr): 2928,2857, 1588, 1459, 728, 672 cm"'. 
' H N M R (CDCI3,400 MHz) 6/ppm: 7.97 (d, J = 8.1 Hz, IH, Ai-H), 7.84 (d, J = 7.8 
Hz, IH, AT-H), 7.45 (t, 7 = 8.1 Hz, IH, Ai-H), 7.34 (t, J - 8.0 Hz, \H,Ar-H), 
3.11 (t, J = 7.6 Hz, 2H, CH2 a to thiazole ring), 1.92-1.83 (m, 2H, -CH2 P to thiazole 
ring), 1.29 (br.s, 24H, chain CH2), 0.88 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 6/ppm: 172.20 (C-2'), 153.20 (C-4'), 135.12 (C-5'), 
122.51 (C-6'), 124.62 (C-7'), 125.89 (C-8'), 121.49 (C-9') , 34.39 (C-1), 
31.94 (C-2), 29.52 (C-3),-(C-12), 31.54 (C-13), 22.65 (C-14), 14.12 (C-15). 
MS (m/z %): 346 [(M^ + 1), 3], 345 [M^ 11.5], 244 (4.6), 188 (4.9), 174 (3.9), 
162 (8.6), 148 (12.5), 134 (100), 101 (2.6). 
Analysis Calcd. for C22H35NS: C, 76.52; H, 10.14; N, 4.06; S, 9.28 %. 
Found C, 76.54; H, 10.19; N, 4.01%. 
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2-(Heptadecyl)-benzothiazole (3b): 
IR (KBr): 2928, 2857,1588,1459, 728,672 cm-'. 
' H N M R (CDCb, 400 MHz) 5/ppm: 7.96 (d, J = 8.1 Hz, IH, Ax-H), 7.84 (d, J^ 7.8 
Hz, IH, Ar-/f), 7.45 (t, J = 8.1 Hz, IH, Kx-H), 7.34(t, J = 8.0 Hz, IH, Ax~H), 
3.1 l(t, J = 7.6 Hz, 2H, CH2 a to thiazole ring), 1.92-1.84 (m, 2H, -CH2 p to thiazole 
ring), 1.38 (br.s, 28H, chain CH2), 0.88 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 5/ppm: 172.15(C-2'), 153.22(C-4'), 135.24(C-5'), 
122.55(C-6'), 124.60(C-7'), 125.77 (C-8'), 121.44(C-9'), 34.40(C-1), 31.84(C-2), 
29.59(C-3),-(C-14), 31.52(C-15), 22.56(C-16), 14.21(C-17). 
MS (m/z %): 374 [(M^+ 1), 3.5], 373 [M^ 11.2], 244 (4.5), 188 (5.6), 174 (3.4), 162 
(9.2), 148 (12.6), 134 (100), 129 (6.5). 
Analysis Calcd. for C24H39NS.- C, 77.21; H, 10.46; N, 3.75; S, 8.58 %. 
Found C, 77.18; H, 10.49; N, 3.70 %. 
2-(Dec-9-enyl)-benzothiazole (3c): 
IR (KBr): 2927, 2855,1592,1439, 728,672 cm''. 
' H NMR (CDCI3, 400 MHz) 5/ppm: 7.96 (d, J = 8.0 Hz, IH, Ai-H), 7.84 (d,J= 7.6 
Hz, IH, Ax-H), 7.44 (t, J = 8.4 Hz, IH, Ax-H), 7.34 (t, J = 8.0 Hz, IH, Ai-H), 
5.85-5.75 (tdd, J^ .^ ^ = 6.6 nz,J„_„^ = 10.2 Hz, J^_^^= 17.1 Hz, IH, CH2=C//-), 
5.02 (dd, Jf,^,ff = 10.2 Hz,^^_^^= 1.2 Hz, IH, HzC=CH-), 4.90 (dd, J^^.^, = 17.1 
Hz, J^^.^^ = 1.2 Hz, IH, //£C=CH-), 3.11 (t, J = 7.6 Hz, 2H, CH2 a to thiazole 
ring;, 2.06-2.01 (m, 2H, -C//2-CH=CH2), 1.92-1.84 (m, 2H, -C//2 p to thiazole ring), 
1.33 (br.s, 1 OH, chain C//2); 
'^C N M R (CDCI3, 100 MHz) 6/ppm: 172.43 (C-2'), 153.30 (C-4'), 135.18 (C-5'), 
122.54 (C-6'), 125.88 (C-7'), 125.20 (C-8'), 121.50 (C-9'), 33.82 (C-1 & C-2), 
29.27 (C-3),-(C-7), 34.39 (C-8), 139.19 (C-9), 114.20 (C-10). 
M S (m/z % ) : 274 [(M^+ 1), 5], 273 [M^ 10.8], 246 (23.6), 174 (3.5), 188 (5.9), 162 
(12.5), 148(12.8), 139(10.1), 134(100), 127(3.6), 113(3.8). 
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Analysis Calcd. for C17H23NS: C, 74.73; H, 8.42; N, 5.13; S, 11.72 %. 
Found C, 74.62; H, 8.38; N, 5.20 %. 
2-(Heptadec-8-enyl)-benzothiazole {3d): 
IR (KBr): 2927, 2856, 1592, 1458,728,674 cm"'. 
' H N M R (CDCI3, 400 MHz) 6/ppm: 7.96 (d, J = 8.4 Hz, IH, Ai-H), 7.83 (d, J = 7.6 
Hz, IH, AT-/ /) , 7.40 (t, J = 8.4 Hz, IH, Ai-H), 7.31(t, J = 8.4 Hz, IH, Ai-H), 
5.36-5.33 (m, 2H, -CH=CH-), 3.11 (t, J = 7.6 Hz, 2H, -CH2 a to thiazole ring), 
2.05-2.01 (m, 4H, -CH2-CU=CH-CH2-), 1.92-1.84 (m, 2H, -C/Z^p to thiazole ring), 
1.29 (br.s, 20H, chain CH2), 0.88 (dist.t, 3H, CH3). 
" C NMR (CDCI3, 100 MHz) 6/ppm: 172.66 (C-2'), 153.19 (C-4'), 135.11 (C-5'), 
122.51 (C-6'), 125.92 (C-7'), 124.68 (C-8'), 121.51 (C-9'), 33.56 (C-1 & C-2), 
31.95 (C-3),-(C-6), 34.39 (C-7 & C-10), 130.06 (C-8 & C-9), 29.37 (C-11),-( C-15), 
22.73 (C-16), 14.17 (C-17). 
MS (m/z %): 372 [(M* + 1), 3], 371 [M^ 6.9], 270 (6.4), 284 (4.9), 258 (10.8), 
216(5.1), 188(5.2), 174 (3.8), 162 (12.5), 148 (13.5), 134 (100), 155 (4.2). 
Analysis Calcd. for C24H37NS: C, 77.63; H, 9.97; N, 3.77; S, 8.63 %. 
Found C, 77.57; H, 10.01; N, 3.71 %. 
2-f(8Z, llR)-ll-Hydroxyheptadec-8-enyl]-benzothiazole (3e): 
IR (KBr): 2928,2857,1588,1459, 728, 672 cm"'. 
' H NMR (CDCI3, 400 MHz) 5/ppm: 7.96 (d, J = 8.0 Hz, IH, Ai-H), 7.84 (d, J = 8.0 
Hz, IH, Ai-H), 7.44 (t, J = 11 Hz, IH, hi-H), 7.34 (t, J = 7.2 Hz, IH, Ar-//), 
5.49-5.44 (m, 2H, -CH=CH-), 3.89-3.87 (m, IH, -C//-OH), 3.11 (t, J = 7.6Hz, 2H, -
CH2 a to thiazole ring) , 2.43-2.41 (m, IH, -CH-OH), 2.04-1.98 (m, 4H, -CH2-
CH=CH-C//2-), 1.92.1.84 (m, 2H, -CH2 P to thiazole ring) , 1.29 (br.s, 18H, chain 
CH2), 0.88 (dist.t, 3H, CHs); 
'^ C N M R (CDCI3, 100 MHz) 5/ppm: 172.43 (C-2'), 153.30 (C-4'), 135.20 (C-5'), 
122.67 (C-6'), 125.90 (C-7'), 125.10 (C-8'), 121.45 (C-9'), 31.76 (C-1 & C-2), 
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29.64 (C-3),-(C-6), 34.39 (C-7 & C-10), 130.14 (C-8 & C-9), 71.54 (C-11), 
39.12 (C-12), 25.38 (C-13), 31.54 (C-14 & C-15), 22.65 (C-16),14.17 (C-17). 
MS (m/z %): 388 [(M*+ 1), 2.8], 387 [M^ (10.8)], 314 (3.7), 302 (16.8), 256 (6.6), 
188 (5.3), 174 (3.9), 162 (12.5), 148 (13.2), 134 (100). 
Analysis Calcd. for C24H37ONS: C, 74.42; H, 9.56; N, 3.62; S, 8.27 %. 
Found C, 74.34; H, 9.50; N, 3.66 %. 
2-f(8R, llZ)-8-Hydroxyheptadec-ll-enylJ-benzothiazole (3f): 
IR (KBr): 2929, 2857,1586,1458, 728,674 cm-'. 
' H N M R (CDCI3, 400 MHz) 5/ppm: 7.96 (d, J = 8.4 Hz, lH,Ar-77), 
7.84 (d, y = 8.4 Hz, IH, Ai-H), 7.44 (t, J = 7.2 Hz, IH, Ai-H), 7.34 (t, J = 7.2 Hz, 
IH, AT-H), 5.49-5.44 (m, 2H, -CH=CH-), 4.08-4.01(m, IH, -C//-OH), 
3.11 (t, J = 7.2 Hz, 2H, -CH2 a to thiazole ring), 2.33-2.26 (m, IH, -CU-OH), 
2.07-2.00 (m, 4H, -C//2-CH=CH-C//r), 1.89-1.84 (m, 2H, -CZ/^p to thiazole ring), 
1.44 (br.s, 18H, chain CH2), 0.98 (dist.t, 3H, C//j). 
'^C NMR (CDCI3, 100 MHz) 6/ppm: 172.42 (C-2'), 153.30 (C-4'), 135.18 (C-5'), 
122.65 (C-6'), 125.45 (C-7'), 125.15 (C-8'), 121.52 (C-9'), 31.54 (C-1 & C-2), 
29.24 (C-3),-(C-6), 37.24 (C-7 & C-9), 72.14 (C-8), 34.39 (C-10 & C-13), 
130.52 (C-11 & C-12), 30.96 (C-14& C-15), 22.32 (C-16), 14.15 (C-17). 
MS {m/z %): 388 [(M^+ 1), 3], 387 [M^, (9.2)], 328 (4.7), 314 (5.7), 262 (58.33), 
188 (5.9), 174 (3.9), 162 (22.22), 148 (19.44), 134 (100). 
Analysis Calcd. for C24H37ONS: C, 74.42; H, 9.56; N, 3.62; S, 8.27 %. 
Found C, 74.38; H, 9.47; N, 3.65 %. 
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5.1 Theoritical 
Benz-fused azoles are an important class of molecules and are a 
common heterocyclic scaffold in biologically active and medicinally significant 
compounds. Being a heterocyclic compound, benzoxazole finds use in 
research as a starting material for the synthesis of larger, usually bioactive 
structures. It is found within the chemical structures of pharmaceutical drugs 
such as Benoxaprofen (2-[2-(4-chlorophenyl)-l,3-benzoxazol-5-yl] propionic acid, 
acts as antiinflammatory) (i) and Zoxazolamine (2-amino-5-chlorobenzoxazole acts 
as antirheimiatic) (ii) 
(0 
H,N 
Benzoxazoles are foimd in variety of natural products and are important 
targets in drug discovery. The benzoxazole scaffold (Hi) is found in many biological 
active compounds, such as elastase inhibitors and H2-antagonists [1]. 
A benzoxazole derivative, 3-(4,7 dichlorobenzoxazole-2'-yl-methylamino)-
5-ethyl-6-methyl pyridine-2(lH)-one (L-697,661) was identified as a specific 
non-nucleoside reverse transcriptase inhibitor for the human immunodeficiency 
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virus HIV-1 type, and its use in combined therapy with zidovudine achieved a 
marked decrease of viremia in some primary HIV-infected patient [2]. A derivative 
of camptothecin has been prepared wherein the A-ring has been fused to oxazole 
ring by Peel et al. [3]. This compound (iv) was found to be significantly more potent 
as inhibitor of topoisomerase I than camptothecin. 
2-[/7-substituted-phenyl]-5-[substituted-aryl-carbonylamino] benzoxazole 
derivatives (v) and 2-[p-substituted-benzyI]-5-[/7-substituted-phenyl/benzyl-
carbonylamino] benzoxazole derivatives (vi) have been synthesized and were 
screened for antimicrobial activity [4]. 
Ar C — N H ,K>" 
R = H,C2H5,F,N(CH3)2 
Ar = 2-furyl, 2-thienyl, substituted phenyl 
(V) 
R = H,CI 
R, = H, Ci, Br, F, CH 3, CjHj, NOj, C(CH3)3 
(vi) 
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Short di-atomic spacer found in benzoxazole derivatives 
(such as 2-phenoxymethyl-benzoxazoie, 2-phenylsulphanylmethyl-benzoxazole, 
benzoxazol-2-yl methyl-phenyl- amine, 2-phenethyl-benzoxazole) (vii) showed 
antifungal activity [5]. 
^ ^ ^ ^ N ^ X 
\ \ / 
X = O, S, NH, CH 2 (vii) 
2(2-HydroxyphenyI) benzoxazole containing poly (N-isopropyl acrylamide) 
copolymer (viii) could be potentially used as multifunctional sensing material [6]. 
AcH2-HC-4 AcHj—HcA-
0 / % N 
HN 
x:(x + y) = 0.111 : 100 
(viii) 
2-(Hydroxyphen-2'-yl) benzoxazole (ix) and its derivatives 
have been studied due to their interesting spectroscopic and photophysical 
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properties [7-10]. This kind of molecules shows fluorescent emission with a large 
Strokes shift that originates from an intramolecular proton-transfer reaction in the 
electronic excited state. This phenomenon has widespread implications in the action 
of many lasing dyes, photostabilizers and in biology [11]. 
HO 
(ix) 
Combinatorial chemistry (CC) has emerged as a powerful technique for 
chemical research in drugs, agrochemicals, new materials and catalyst 
discovery processes [12]. This technique enables the development of synthetic 
methodologies for generating organic compounds in a library fashion. By 
using combinations of reagents, it is possible to generate a large number of 
structurally related compounds with an array of functional groups appended 
with minimal time and effort thus promoting the atom economy concept, and 
rapid evaluation of the products obtained for a specific application [13]. In spite 
of the important advances obtained in CC, there remain some limitations, such as 
determination of purity of the obtained product mixtures [14], the efficiency 
of the methods for purification and evaluation of synthesized compounds [15], 
ways to avoid and eliminate undesirable side products [16], long reaction times and 
low yields [17]. Also, some methodologies required complicated multi-step 
synthesis and work-up. 
Since the pioneering papers appeared in 1986 [18], microwave assisted 
organic chemistry, as non conventional energy source; has gained popularity, due 
to the generally short reaction times, high purity and reasonably good yields of 
products. Microwave technology has enabled the development of environmentally 
friendly methodologies (green chemistry), especially when solvent-free conditions 
are used [19]. 
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In recent years, researchers have begun to employ microwave as a tool in 
order to diminish reaction time, avoid side products, increase yield and simplify the 
course of reactions for CC [20]. 
Microwave-assisted organic synthesis can be divided into two main categories: 
(a) Reactions conducted in solvent (organic synthesis in homogeneous 
media) [21] 
(b) Solvent-free reactions [22]. 
Within the category of solvent-firee reactions are three subdivisions: 
- Solvent-free reactions without support or catalyst (neat reagents). 
Solvent-free reactions using supported reagents (adsorbed on the support, 
non-covalently linked to it), such as clays [23], silica-gel [24], zeolites [25] 
and graphite [26]. 
Solvent free phase transfer catalysis [27]. 
Microwave assisted CC can also be divided in two main categories: 
- Synthetic methodologies in which the reactant(s) or reagent(s) are previously 
covalently linked to a soluble (e.g. polyethylene glycol) [28] or non-soluble 
(e.g. Wang resin, Merrifield resin, TentaGel and cellulose) [29] polymer 
support. This is the classical strategy for CC in organic synthesis. 
- Parallel, simultaneous or sequential synthesis without use of a polymer-
support. 
Parallel synthesis of combinatorial libraries is a synthetic sequence where the 
assembly of library is performed using an ordered array of spatially separated 
reaction vessels under the same reaction conditions. In sequential synthesis the 
general reaction conditions can be modified for each building block combination 
according to the reactivity of the reagents in each reaction vessel. Parallel synthesis 
can be carried out with both conventional and microwave-assisted organic synthesis 
and either in solid-phase or solution-phase synthesis. 
The widespread interest in substituted benzoxazole has prompted extensive 
exploration in their synthesis. Several methods have been developed for the 
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synthesis of the 2-substituted benzoxazole. These include the condensation 
of 2-aminophenol with the substituted carboxylic acids or its derivatives in presence 
of polyphosphoric acid [30], polyphosphate ester [31], ionic liquid (IL) promoted 
synthesis (Scheme 1) [32], 
CI 117 28 °C 
R-
Scheme 1 
palladium-catalyzed direct coupling of benzoxazoles with aryl bromides 
(Scheme 2) [33], 
O 
// 
N 
H + Ar-8r 
Pd (0Ac)2 / P(t - Bu)3 
CS2CO3/ CuBr 
DMF, 150 °C, 1 hr 
Ar 
Scheme 2 
palladium-catalyzed condensation of aryl halides with 2-aminophenol followed 
by dehydrative cyclization [34], intramolecular Mitsunobu reaction 
of 2-hydroxyanilide [35], acid catalyzed deacylative condensation of the 
2-acyloxyanilide (Scheme 3) [36], 
NH p - TsOH 
II benzene or xylenes j^ 3 
O ' " ^ j^i reflux 
Scheme 3 
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and oxidative cyclization of phenolic Schiff s bases using various oxidants 
(Scheme 4) [37, 38]. 
+ 2 
OH 
CH3CN 
DTBMP 
R 
\\ / 
+ 2H 
Scheme 4 
Although some methods have been used in preparing 2-substituted 
benzoxazoles, they suffer from the drawbacks such as limitations in the preparation 
of the starting materials (acid fluorides/chlorides, 2-hydroxy/acyloxy anilides), the 
requirement of excess reagents (PPA/PPTS, p-TsOH, DCC/HF/py, PPha-DEAD, 
ionic liquids, etc.), harsh reaction conditions, long reaction times and low isolation 
yields. In the view of the pharmaceutical application values of benzoxazoles, it is 
worthwhile to search for milder and practical conditions that accelerate the 
cyclization rate of the benzoxazole moiety. 
Microwave-assisted organic synthesis (MAOS) has been successfully 
adapted to combinatorial chemistry. Benzoxazoles under MW are routinely prepared 
in a two-step sequence comprising base-catalyzed bis-acylation of o-aminophenols 
followed by a Lewis-acid-assisted cyclization-dehydration reaction. Microwave 
flash heating of readily available acid chlorides and ortho-aminophenols in sealed 
reaction vessels delivered benzoxazoles in a one-pot process without aid of any 
additive such as base or Lewis acid (Scheme 5) [39]. 
ia. dioxane OH ,^ 3 MW,250°C,lSmin 
Scheme 5 
In a closed related publication, carboxylic acids were employed instead of 
acid chloride in a microwave-assisted direct synthesis of 2-substituted benzoxazoles 
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(Scheme 6). The reactions with 2-aminophenol were performed in a household 
microwave oven and worked well with aromatic, heteroaromatic, a,P-unsaturated 
and arylalkyl carboxylic acids [40]. 
MW 
20min 
Scheme 6 
Ar(R) 
Recently, 2-substituted benzoxazoles by condensation of 2-aminophenol 
with various aromatic aldehydes using molecular iodine as catalyst under solvent 
free conditions with or without microwave irradiation is reported (Scheme 7) [41]. 
Scheme 7 
On the other hand, naphthoxazoles have been obtained, by cycloaddition of 
azomethine ylides (from thermal cleavage of aziridines) to l-nitroso-2-naphthol 
[42, 43]; by the treatment of an equimolecular mixture of l-nitroso-2-naphthol and 
phenacyl pyridinium bromide with NaOH solution at -30 °C [44]; by cycloaddition 
of masked azomethine ylide, generated fi-om 2-p-methoxyphenyl-4-phenyl-2-
oxazolin-5-one, with l-nitroso-2-naphthol [45], and by reaction of 1,3-dipole, 
proceeding from 3-aroyl aziridines cleavage, with 2-nitroso-2-naphthol. In this last 
reaction, naphthodiazepine is obtained besides naphthoxazoles [46]. Some methods 
to obtain either benzo- or naphthoxazoles have been described: palladium-catalyzed 
condensation of aryl halides with o-amino phenols or naphthols, followed by 
dehydrative cyclization [34]; and cycloaddition of o-hydroxy anilides by heating 
with aqueous HCl at 150 °C [47]. Reduction of the suitable 2-nitrophenyl, 2-nitro-l-
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naphthyl or l-nitro-2-naphthyl-benzoates or 4-nitrobenzoates with Sn-HCI [48] is 
another suitable method, and 2-arylnaphtho[l,2-£f]oxazoles have been prepared by 
condensation of l-amino-2-naphthol derivatives with aromatic aldehydes in the 
presence of pyridine in BuOH [49]. Recently aryl oxazinones on heating with KOH 
in MeOH to their corresponding naphtha- and benzoxazoles (Scheme 8) [50]. 
KOH, MeOH 
"^^^ 
Ar = 1,2-benzo-, 1,2-naphtho-, 2,1-naphtho-, 2,3-naphtho-
Scheme 8 
In spite of their importance as pharmacophoric scaffolds, there has been a 
lack of mild and efficient techniques for synthesizing benzo- and naphthoxazoles on 
a solid support and, particularly, for producing libraries of derivatives for biological 
screening. Thus, the development of strategies for the solid phase synthesis of these 
heterocyclic systems and derivatives thereof is not only highly desirable, but also 
economically advantageous. 
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5.2 Phosphorus Pentasulphide Mediated Synthesis of 
2-Long Alkenyl Chain Benzoxazoles and 
Naphtho[2,3-d]oxazoles Under Microwave 
Irradiation and their Antimicrobial Evaluation 
Since benzoxazoles are useful heterocycles which has various 
pharmaceutical and industrial applications and are used as precursors for the 
preparation of biologically active compounds, their synthesis has received 
considerable attention. Benzoxazoles were first prepared from the reaction of 
o-aminophenols with acetic anhydride [51]. Since then numerous synthetic routes to 
these compounds have been reported. However, no condensation using catalytic 
amount of phosphorus pentasulphide has been reported so far from long-alkenyl 
chain carboxylic acids. 
In view of the power of MAOS, the design and synthesis of 2-substituted 
benzoxazoles and naphtho[2,3-£/]oxazoles under the catalytic amoimt of phosphorus 
pentasulphide and microwave irradiation bearing long-alkenyl chain was considered 
and the newly synthesized compounds were screened in vitro against Gram-positive 
and Gram-negative bacteria and fungi. 
5.3 Results and Discussion 
Reactions with solid supported reagents are known to produce an enhanced 
reaction rate, higher selectivity and greater efficiency. As a part of interest in 
solid-supported reagents in organic reactions [52], the preparation of 2-substituted 
benzoxazoles from olefinic and hydroxy olefinic long-chain carboxylic acids were 
designed (Scheme 9). 
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HO 
R + 
la-d 2a-d 
MW 
Q^ P^Sjo, Silica-gel 
3a-p 
a 
b 
c 
2 
a 
b 
c 
d 
X 
H 
CH3 
CI 
NO2 
R 
OH 
Scheme 9: Synthesis of 2-long alkenyl chain benzoxazoles in presence of catalyst 
under microwave-assisted, solvent-free conditions 
In the initial attempts, the condensation reaction of 2-aminophenol with 
undec-10-enoic acid was chosen as a model to optimize preparation of compounds 
3a-t. In order to determine the optimum conditions for the synthesis of 
2-aIkenylbenzoxazoles in faster and efficient way, molar ratios of reagents and the 
irradiation time and power level of microwave set-up was investigated (Table 1). 
Tablel Optimization of the microwave-assisted condensation of 1 a and 2° 
.0 . . ^ /NH2 _ „ , ^^v^ ^N 
MW 
Silica-gel 
CH2"(CH2)7"CH—CH2 
Entry Support Time (min) Power (%) Yield (%)" 
1 
2 
3 
4 
5 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
25 
25 
25 
25 
25 
10 
20 
30 
50 
60 
17 
45 
48 
54 
60 
'The mixture of the undec-10-enoic acid (3.75 mmoles) and 2-aminophenol (2.5 mmoles) was irradiated 
under microwave (muitimode) using a domestic microwave oven. 
•"Isolated yield. .^xii^^^d UL , 
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It was observed that when the reaction of undec-10-enoic acid with 
2-aminophenol was carried out on silica-gel at 60 % power using multimode 
microwave for 25 minutes the 2-dec-9-enyl-l//-benzoxazole 3a was obtained 
in 60 % yield. 
But, microwave irradiation alone was found ineffective to condense olefmic 
long chain carboxylic acids with 2-aminophenols in solvent-free conditions in good 
yields. In order to improve the yield, a microwave-assisted procedure using P4S10 as 
catalyst was developed. To verify the auxiliary effect of catalyst, the effects 
of phosphorus pentasulphide in the MW-assisted reaction of 2-aminophenol and 
undec-IO-enoic acid was investigated (Fig. 1 and Fig. 2). 
As shown in Fig. 1, the yield of product 3a formed in the absence of 
phosphorus pentasulphide is 60 %, and only little increase in yield of product was 
observed using 0.02 mmoles phosphorus pentasulphide. When 0.04 mmoles 
phosphorus pentasulphide were used, the product was obtained in 78% yields. 
Remarkably, when 0.08 or 0.1 mmoles phosphorus pentasulphide was used, the 
product was obtained in 89 % yield. It was found that the amount of phosphorus 
pentasulphide could be readily reduced to 0.06 mmoles without compromising the 
yields. 
1 
100 
80 
60 
40 
20 
•3a 
0.02 0.04 0.06 0.08 0.1 
Amount of catalyst (mmoles) 
Fig. 1 The effect of amount of catalyst phosphorus pentasulphide on 
the yield of 2-dec-9-enyl-l//-benzoxazole (3a). 
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The effect of microwave power on the yield of 2-dec-9-enyl-l//-benzoxazole 
(3a) catalyzed by 0.06 mmoles of P4S10 was also studied. It was observed that 60 % 
power level was most promising for the reaction because lower power level gave the 
poor yield and higher power led to the charring of substrate (Fig. 2). 
•a I 
•3a 
10 20 30 40 50 60 
Microwave power (%) 
70 80 
Fig. 2 The effect of microwave power on the yield of 2-dec-9-enyl-l//-
benzoxazole catalyzed by phosphorus pentasulphide. 
The optimal reaction time was also investigated for the reaction of 
2-aminophenol and undec-10-enoic acid under microwave irradiation. 
Table 2 Optimal reaction time of 2-aminophenol and undec-10-enoic acid under 
microwave irradiation. 
Compound Product Power (%) Time Yield (%) 
13/2" 
13/2" 
3a 
3a 
60 
60 
25 
6 
60 
89 
"The mixture of the undec-10-enoic acid (3.75 mmoles) and 2-aminophenol (2.5 mmoles) was 
irradiated under microwave oven. 
''The mixture of the 2-aminophenol (2.5 mmoles) and undec-10-enoic acid (3.75 mmoles) with 
phosphorus pentasulphide (0.06 mmoles) on silica-gel was irradiated under microwave oven. 
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The generality and scope of this new protocol was demonstrated by 
subjecting a wide range of 2-aminophenols with different long-alkenyl chain 
carboxylic acids under MW (Table 3). 
The used reaction conditions showed that the chain length of the fatty acids 
(R) does not affect the reaction rate. Also the various functionalities present in the 
carboxylic acid such as double bond and hydroxyl group were tolerated. In contrast, 
substituent in the aminophenols (X) has an influence (Table 3). For instance, when 
2-aniino-4-chloro phenol (entries 9-12) and 2-aniino-4-nitrophenoI (entries 13-16), 
were used longer reaction time were required regarding to its 4-methyl analogue 
(entries 5-8); whereas 2-aminophenol showed an intermediate reactivity (entries 1-4) 
in comparison with their 4-substituted analogues (X= CH3, CI, NO2). 
This strategy was also used to increase the structural diversity of 
the member library through the synthesis of naphtho[2,3-£/]oxazole derivatives 
(3q-t) (Scheme 10). 
HO y 
la-d 
R + 
MW 
OH P4S10. SUica-gel 
2e 3q-t 
Scheme 10: Synthesis of 2-long alkenyl chain naphtho[23-</]oxazoIes in 
presence of catalyst under microwave-assisted, solvent-free 
conditions 
A similar behavior was observed with 3-amino-2-naphthol (2e) 
(Table 3, entries 16-20) as with 2-aminophenol 2a. In general, the 
reactions proceeded efficiently in the presence of P4S10 and were completed within 
6-14 minutes under solvent-free and MW-assisted conditions. In all cases, the 
products were clean as indicated by TLC, and the benzoxazoles products were 
conveniently obtained by silica-gel chromatography. All products were 
characterized from their IR, ' H and '^ C NMR data, as well as mass spectrometry 
data. 
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Table 3 Condensation of various carboxylic acids (RCOOH) with 2-aminophenols 
under microwave irradiation^ 
Entry 2-Aminophenols RCOOH Reaction time Product Yield (%)" 
la 6 
lb 7 
Ic 7 
Id 7 
la 8 
lb 8 
Ic 9 
Id 9 
la 11 
lb 12 
Ic 12 
Id 12 
la 13 
lb 13 
Ic 14 
Id 14 
la 8 
lb 8 
Ic 9 
Id 9 
'The mixture of the 2-aminophenol (2.5 mmoles) and fatty acids (3.75 mmoles) with 0.06 mmoies of P4S,o 
on silica-gel was irradiated under microwave using a domestic microwave oven at 60% power. 
""Isolated yield of the 2-alkenylbenzoxazoles. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
a: 
o": 
oc 
oc 
" ' ^ 
ax 
ccc 
coc 
r^V^V'*^ 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
3h 
3i 
3j 
3k 
31 
3m 
3n 
3o 
3p 
3q 
3r 
3s 
3t 
89 
89 
87 
87 
87 
85 
85 
87 
87 
85 
85 
84 
82 
83 
80 
80 
88 
87 
86 
86 
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All the compotmds (3a-t) were screened for antibacterial and antifungal 
activity. Screening results are summarized in Table 4 and Table 5. The minimum 
inhibitory concentrations (MIC) of all the tested compounds were 100 ng/ml. The 
newly generated compounds have exerted significant inhibitory activity against the 
growth of the test bacterial strains. The data pertaining to Table 4 reveals that the 
compounds (3a-t) have significant influence on antibacterial profile of Gram+ve 
bacteria (Bacillus subtilis and Staphylococcus aureus) as well as Gram-ve bacteria 
(Escherichia coli and Salmonella typhimurium) bacteria. The moderate activity 
against all bacterial strains was obtained by compoimds 3a-d and 3q-t. 
In another set of experiments, the above mentioned compounds were also 
examined for antifungal activity (Table 5). Nystatin was used as standard drug for 
the comparison of antifungal results. Against all fungal strains (Helminthosporium 
oryzae, Aspergillus niger, Penicillium sp., Trichoderma viridae and Candida 
albicans), compoimds (3a-t) showed excellent inhibitory results. However 
compounds 3a-d and 3q-t have showed moderate activity against all fungal strains. 
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Table 4 Antibacterial activity of compounds 3a-t 
Compound 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
3h 
3i 
3j 
3k 
31 
3in 
3n 
3o 
3p 
3q 
3r 
3s 
3t 
Chloramphenicol 
Control DMSO 
Diameter of zone of inhibition (mm) at 100 |ig /ml 
Gram negative 
E. coli 
14 
13 
14 
15 
19 
17 
18 
18 
19 
18 
20 
20 
21 
18 
20 
19 
17 
17 
16 
16 
25 
— 
S. typhimurium 
12 
14 
13 
13 
14 
13 
14 
13 
16 
16 
15 
15 
16 
15 
15 
15 
14 
12 
11 
11 
20 
— 
Gram 
B. subtilis 
18 
17 
15 
16 
18 
19 
17 
17 
20 
21 
19 
19 
21 
21 
19 
19 
18 
19 
17 
17 
24 
— 
positive 
S. aureus 
20 
20 
18 
17 
20 
19 
18 
17 
21 
22 
20 
20 
19 
20 
19 
19 
18 
20 
18 
18 
26 
— 
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Table 5 Antifungal activity of compounds 3a-t 
Compound 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
3h 
3i 
3j 
3k 
31 
3m 
3n 
3o 
3p 
3q 
3r 
3s 
3t 
Nystatin 
Control DMSO 
Diameter of zone 
C.albicans 
14 
15 
15 
15 
16 
15 
16 
16 
17 
17 
16 
16 
17 
17 
16 
16 
15 
16 
14 
14 
20 
— 
H.oryzae 
9 
9 
7 
7 
10 
11 
9 
9 
13 
12 
11 
12 
12 
12 
11 
10 
10 
9 
9 
8 
15 
— 
of inhibition (mm) at IOC 
A.niger 
10 
10 
9 
9 
11 
11 
10 
10 
12 
13 
12 
12 
12 
12 
11 
11 
10 
9 
9 
9 
16 
— 
T. viridae 
9 
10 
9 
8 
11 
11 
10 
10 
12 
12 
11 
11 
13 
12 
12 
12 
10 
11 
10 
9 
15 
— 
1 jxg /ml 
Penicillium. sp 
12 
13 
11 
12 
14 
14 
12 
12 
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5.4 Experimental 
Undec-lO-enoic (la) and (Z)-octadec-9-enoic (lb) was obtained 
commercially from Fluka chemicals (Switzerland). (9Z, 12/?)-12-Hydroxyoctadec-9-
enoic (ricinoleic) (Ic) and (9R, 12Z)-9-hydroxyoctadec-12-enoic (isoricinoleic) (Id) 
acids were isolated from the natural sources i.e. from Ricinus communis 
and Wrightia tinctoria seed oils respectively following Gunstone's partition 
method [53]. All chemicals (Aldrich) were used as received. The eluent was a 
mixture of hexane/diethyl ether in different proportions for different compounds and 
visualized under iodine chamber. Homogeneity of the product was observed on 
TLC. 'H N M R and '^ C NMR spectra were recorded in CDCI3 on a Bruker Avance 
11-400 instrument using CDCI3 as solvent and TMS as internal standard. Coupling 
constants were expressed in Hz. Mass spectra were obtained on a Jeol SX-102 
(FAB) spectrometer. IR spectra were obtained on Shimadzu 8201 PC FT-IR using 
KBr pellets. The MW irradiations were carried out using an unmodified domestic 
oven (LG, Model MC-808WAR, 1.35 KW, 2450MHz). 
General procedure for the synthesis of 2-long alkenyl chain benzoxazoles and 
naphtho[23-</]oxazoles in microwave-assisted, solvent-free conditions: 
The amine 2 (2.5 mmoles), the fatty acid 1 (3.75 mmoles), P4S10 
(0.06 mmoles) and 2.5 gm of silica gel were mixed thoroughly in a beaker. The 
beaker was placed in a microwave oven and heated imder microwave-zissisted 
dielectric heating (micromode, irradiated at 60% power) for an appropriate total 
irradiation time (monitored by TLC). All microwave experiments were conducted at 
atmospheric pressure. The temperature was controlled by modulation of power. 
After cooling, the product was extracted with EtaO (2 X 30 mL). The combined 
organic layer were washed with saturated solution of NaHCOa (2 X 10 mL), dried 
over anhydrous Na2S04 and evaporated under reduced pressure to leave the 
crude product. The product was purified by column chromatography on silica gel 
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(hexane: diethyl ether, 99:1, v/v for 3a, 3e, 3i, 3ni and 3q; 98:2, v/v for 3b, 3f, 3j, 
3n and 3r; 97:3 for 3c-d, 3g-h, 3k-l, 3o-p and 3s-t). 
Antimicrobial screening 
Antibacterial screening 
Antibacterial activity of the synthesized compounds 3a-t were studied 
against four bacteria, viz., Escherichia coli (K12), Staphylococcus aureus (MSSA 
22), Salmonella typhimurium (MTCC 98), and Bacillus subtilis (ATCC 6051). For 
the detection of antibacterial activity, disc diffusion method with little modification 
was used [54]. Chloramphenicol (Hi-Media Pvt Ltd, Mumbai, India) was used as 
standard antibiotic for antibacterial activity. The compounds were dissolved in 
DMSO. 
Antifungal screening 
Antifungal activity of the synthesized compounds 3a-t was studied 
against five fungi viz., Helminthosporium oryzae (Laboratory isolate), Aspergillus 
niger (Laboratory isolate), Penicillium sp. (Laboratory isolate), Trichoderma viridae 
(Laboratory isolate), and Candida albicans (lOA 109). The disc diffusion method 
with little modification was used [54]. Antibiotic nystatin (Hi-Media Pvt Ltd, 
Mumbai, India) were used in the test system as positive controls. The compounds 
were dissolved in DMSO. 
Spectral Data 
2-Dec-9-enyl-lH-benzoxazole (3si): 
IR (KBr): 2895,1650, 1435 cm''. 
' H N M R (CDCI3, 400 MHz) 6/ppm: 7.66- 7.68 (m, IH, AT-H), 7.49- 7.47 (m, IH, 
Ai-H), 7.31-7.29 (m, 2H, Ai-H), 5.85-5.75 (tdd, J . = 6.6 Hz,y„ ;, = 10.2 
Hz,^_„^= 17.1 Hz, IH, CH2=C//-), 5.01-4.91(dd, J„^.«= 10.2 Hz,J„^_„^= 1.2 
Hz, IH, //zC=CH-), 4.90 (dd, J„^_„ = 17.1 Hz, J„^_„^ = 1.2 Hz, IH, //£C=CH-), 
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2.92 (t, y = 7.62 Hz, 2H, C/6 a to oxazole ring;, 2.03-2.01 (m, 2H, -C//rCH=CH2), 
1.91-1.87 (m, 2H, -CH2 p to ozazole ring), 1.31 (br.s, lOH, chain CH2). 
"C NMR (CDCI3, 100 MHz) 8/ppm: 159.77 (C-2'), 140.41(C-4'), 153.30 (C-5'), 
110.82 (C-6'), 124.63 (C-7'), 125.88 (C-8'), 121.50 (C-9'), 33.82 (C-1 & C-2), 
29.27 (C-3),-(C-7), 34.39 (C-8), 139.19 (C-9), 114.20 (C-10). 
MS (/n/z%): 257 (34), 160(23), 146(31), 132(100), 118(19). 
Analysis Calcd. for C17H23NO: C, 79.34; H, 9.00; N, 5.44 %. Found C, 79.04; 
H, 8.94; N, 5.38%. 
2-Heptadec-9-enyl-lH-benzoxazole(3b): 
IR (KBr): 2890,1655,1430 cm"'. 
*H NMR (CDCI3, 400 MHz) 5/ppm: 7.65- 7.67 (m,lH, Ai-H) 7.48- 7.47 (m, IH, 
Ai-H), 7.31-7.27 (m, 2H, Ai-H), 5.37-5.33 (m, 2H, -CH=CH-), 2.91 (t, J 7.52 Hz, 
2H, -CZ/^a to oxazole ring), 2.05-2.01(m, 4H, -Ci/2-CH=CH-C//2-), 1.92-1.84 (m, 
2H, -CH2 p to oxazole ring), 1.29 (br.s, 20H, chain CH2), 0.88 (dist.t, 3H, CH3). 
" C NMR (CDCI3, 100 MHz) 5/ppm: 159.84 (C-2'), 139.77 (C-4'), 152.43 (C-5'), 
111.38 (C-6'), 124.62 (C-7'), 125.78 (C-8'), 121.51 (C-9'), 33.56 (C-1 & C-2), 
31.95(C-3),-(C-6), 34.39(C-7 & C-10), 130.06 (C-8 & C-9), 29.37 (C-ll),-( C-15), 
22.73 (C-16), 14.17 (C-17). 
MS (m/z %): 355 (37), 256 (40), 242 (35), 132(100), 118 (15). 
Analysis Calcd. for C24H37NO: C, 81.08; H, 10.48; N, 3.94%. Found C, 81.42; 
H, 10.39; N, 3.88%. 
17-Benzoxazol-2-yl-heptadec-9-en-7-ol (3c): 
IR (KBr): 2895, 1690,1435 cm"'. 
' H NMR (CDCI3, 400 MHz) 5/ppm: 7.65- 7.68 (m, IH, Ar-H), 7.49- 7.47 (m, IH, 
Ar-//), 7.33-7.28 (m, 2H, Ar-//), 5.49-5.44 (m, 2H, -C//-C//-), 3.69-3.67 (m, IH, 
-C//-OH), 2.89 (t, J = 7.6 Hz, 2H, -CH2 a to oxazole ring) , 2.43-2.41 (m, IH, 
-CH-OH), 2.04-1.98 (m, 4H, -CZ/rCH^CH-C/^-), 1.90.1.87 (m, 2H, -CH2 p to 
oxazole ring), 1.29 (br.s, 18H, chain CH2), 0.88 (dist.t, 3H, CH3). 
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•^ C NMR (CDCI3, 100 MHz) 6/ppm: 159.30 (C-2'), 139.19 (C-4'), 153.19 (C-5'), 
110.20 (C-6'), 124.68 (C-7'), 125.92 (C-8'), 121.51 (C-9'), 31.95 (C-1 & C-2), 
29.64(C-3),-(C-6), 34.39(C-7 & C-10), 130.14(C-8 & C-9), 71.54 (C-11), 
39.1 2(C-12), 25.38 (C-13), 31.54 (C-14 & C-15), 22.65 (C-16),14.17 (C-17). 
MS (m/z %): 371 (40), 286 (38), 242 (30), 132(100), 118 (24). 
Analysis Calcd. for C24H37NO2: C, 77.59; H, 10.03; N, 3.77 %. Found C, 77.19; 
H, 10.12; N, 3.84%. 
l-Benzoxazol-2-yl-heptadec-ll-en-8-ol($d): 
IR(KBr): 2895,1650, 1435 cm''. 
' H NMR (CDCI3, 400 MHz) 6/ppm: 7.66- 7.68 (m, IH, Ai-H), 7.49- 7.47 (m, IH, 
Ai-H), 7.31-7.29 (m, 2H, Ai-H), 5.49-5.44 (m, 2H, -CH=CH-), 4.08-4.01(m, IH, 
-C//-OH), 2.88 (t, J = 7.2 Hz, 2H, -C/Z^a to oxazole ring), 2.33-2.26 (m, IH, -CH-
OH), 2.07-2.00 (m, 4H, -C/^-CH^CH-C//^-), 1.89-1.84 (m, 2H, -CH2 p to oxazole 
ring), 1.44 (br.s, 18H, chain CH2), 0.98 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 5/ppm: 159.79 (C-2'), 139.45 (C-4'), 153.19 (C-5'), 
110.34 (C-6'), 124.68 (C-7'), 125.92 (C-8'), 121.59 (C-9'), 31.54 (C-1 & C-2), 
29.24 (C-3),-(C-6), 37.24 (C-7 & C-9), 72.14 (C-8), 34.39 (C-10 & C-13), 
130.52 (C-11 & C-12), 30.96 (C-14& C-15), 22.32 (C-16), 14.15 (C-17). 
MS {m/z %): 371 (39), 314 (40), 300 (30), 132(100), 118 (22). 
Analysis Calcd. for C24H37NO2: C, 77.59; H, 10.03; N, 3.77 %. Found C, 77.29; 
H, 9.96; N, 3.71%. 
2-Dec-9-enyl-5-methyl-lH-benzoxazole(3e): 
IR (KBr): 2850,1695, 1475 cm''. 
' H NMR (CDCI3,400 MHz) 6/ppm: 7.61 (s,lH, Ai-H), 7.43(dd, 7=8.0, 1.0 Hz, IH, 
AT-H), 7.31 (dd, J=8.0, 1.2 Hz, IH, Ar-H), 5.85-5.75 (tdd, J^_,^.^^ = 6.6 Hz,J„_„^ = 
10.2 Hz,J„_„^ = 17.1 Hz, IH, CH2=C//-), 5.01-4.91(dd, Jf,^.„= 10.2 Hz, J„^_„^ = 
1.2 Hz, IH, //zC=CH-), 4.90 (dd, J„^_„ =17.1 Hz, J„^_„^ = 1.2 Hz, IH, 
HEC=CH-), 2.33 (s, 3H), 2.91 (t, J = 7.20 Hz, 2H, CH2 a to oxazole ring;, 
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2.06-2.00 (m, 2H, -C//2-CH=CH2), 1.91-1.87 (m, 2H, -CH2 p to oxazole ring), 
1.30 (br.s, 1 OH, chain C//2). 
"C NMR (CDCI3, 100 MHz) 6/ppm: 166.77 (C-2'), 140.41 (C-4'), 148.30 (C-5'), 
110.82 (C-6'), 124.63(C-7'), 133.88 (C-8'), 118.50 (C-9'), 21.80(C-r'), 
33.82 (C-1& C-2), 29.27 (C-3),-(C-7), 34.39 (C-8), 139.19 (C-9), 114.20 (C-10). 
MS {m/z %): 271 (28), 160 (41), 146 (100), 132 (23). 
Analysis Calcd. for CigHzsNO: C, 79.67; H, 9.28; N, 5.16 %. Found C, 79.99; 
H, 9.24; N, 5.21%. 
2-Heptadec-8-enyl-5-methyl'lH-benzoxazole{3f): 
IR (KBr): 2840,1695,1466 cm-'. 
' H NMR (CDCI3, 400 MHz) 6/ppm: 7.60 (s,lH, Ai-H), 7.44 (dd, J = 8.0,1.0 Hz, 
IH, Ai-H), 7.31 (dd, J = 8.0, 1.2 Hz, IH, Ai-H), 5.37-5.33 (m, 2H, -C//=C//-), 2.34 
(s, 3H), 2.9 l(t, J = 7.52 Hz, 2H, -CH2 a to oxazole ring), 2.05-2.01 (m, 4H, -CH2-
CH=CH-C//2-), 1.92-1.87 (m, 2H, -CH2 p to oxazole ring), 1.29 (br.s, 20H, chain 
CH2), 0.88 (dist.t, 3H, CH3). 
" C NMR (CDCI3, 100 MHz) 6/ppm: 166.82 (C-2'), 140.62 (C-4'), 148.20 (C-5'), 
109.83 (C-6'), 125.00 (C-7'), 133.21(C-8'), 118.92 (C-9'), 21.73 (C-1"), 
33.56 (C-1 & C-2), 31.95 (C-3),-(C-6), 34.39 (C-7 & C-10), 130.06 (C-8 & C-9), 
29.37 (C-11),-( C-15), 22.73 (C-16), 14.17 (C-17). 
MS (m/z %): 369 (36), 270 (42), 256 (35), 146 (100), 132 (25). 
Analysis Calcd. for C25H39NO: C, 81.25; H, 10.63; N, 3.79 %. Found C, 81.65; 
H, 10.71; N, 3.86%. 
/ 7'(5-Methyl-lH-benzoxazol-2-yl)-heptadec-9-en-7-ol (3g): 
IR (KBr): 2850, 1685, 1475 cm"'. 
' H NMR (CDCI3, 400 MHz) 5/ppm: 7.62 (s,lH, Ai-H), 7.43(dd, J= 8.0,1.0 Hz, IH, 
Ar-//), 7.33 (dd, J = 8.0, 2.0 Hz, IH, Ax-H), 5.49-5.44 (m, 2H, -C7/-C//-), 
3.69-3.67 (m, IH, -C//-OH), 2.32 (s, 3H), 2.90 (t, J = 7.6 Hz, 2H, -C /^a to oxazole 
ring) , 2.43-2.41 (m,lH, -CW-OH), 2.04-1.98 (m, 4H, -C//2-CH=CH-C//2-), 
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1.90.1.87 (m, 2H, -CH2 (3 to oxazole ring) , 1.29 (br.s, 18H, chain CH2), 
0.88 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 5/ppm: 167.93 (C-2'), 139.92 (C-4'), 148.25 (C-5'), 
109.90 (C-6'), 125.29 (C-7'), 133.31 (C-8'), 118.80 (C-9'), 21.81 (C-1"), 
31.95 (C-1 & C-2), 29.64 (C-3),-(C-6), 34.39 (C-7 & C-10), 130.14 (C-8 & C-9), 
71.54 (C-11), 39.12 (C-12), 25.38 (C-13), 31.54 (C-14 & C-15), 22.65 (C-16), 14.17 
(C-17). 
MS (m/z %): 385 (22), 300 (37), 270 (39), 256 (22), 146 (100), 132 (26). 
Analysis Calcd. for C25H39NO: C, 77.88; H, 10.19; N, 3.63 %. Found C, 77.50; 
H, 10.11; N, 3.69%. 
l-(5-Methyl-lH-benzoxazol-2-yl)-heptadec-ll-en-8-ol (3h): 
IR (KBr): 2855,1684,1470 cm-'. 
' H NMR (CDCI3, 400 MHz) 6/ppm: 7.62 (s, IH, Ai-H), 7.43 (dd, J = 8.0, 1.2 
Hz,lH, Ai-H), 7.33 (dd, J = 8.0, 1.0 Hz, IH, Ai-H), 5.49-5.44 (m, 2H, -CH=CH-), 
4.08-4.01 (m, IH, -C//-OH), 2.33 (s, 3H), 2.88 (t, J = 7.2 Hz, 2H, -C//2a to oxazole 
ring), 2.33-2.26 (m, IH, -CU-OH), 2.07-2.00 (m, 4H, -C/6-CH=CH-C//r), 
1.89-1.84 (m, 2H, -CH2 p to oxazole ring), 1.44 (br.s, 18H, chain CH2), 
0.98 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 5/ppm: 167.97 (C-2'), 139.60 (C-4'), 148.22 (C-5'), 
109.83 (C-6'), 125.30 (C-7'), 133.20 (C-8'), 118.82 (C-9'), 21.82(C-1"), 
31.54 (C-1 & C-2), 29.24 (C-3),-(C-6), 37.24 (C-7 & C-9), 72.14 (C-8), 
34.39 (C-10 & C-13), 130.52 (C-11 & C-13), 30.96 (C-14& C-15), 22.32 (C-16), 
14.15 (C-17). 
MS (m/z %): 385 (32), 328 (38), 314 (39), 146 (100), 132 (26). 
Analysis Calcd. for C25H39NO: C, 77.88; H, 10.19; N, 3.63 %. Found C, 77.55; 
H, 10.28; N, 3.67%. 
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5-Chloro-2-dec-9-enyl-lH-benzoxazole(3i): 
IR(KBr): 2850, 1590, 1465 cm"'. 
' H N M R (CDCI3, 400 MHz) 6/ppm: 6.91 (dd, J= 8.4, 2.8 Hz, IH, Ai-H), 7.30 (d, J 
= 8.4 Hz,lH, AT-H), 8.13 (d, J = 1.8 Hz, IH, Ar-H), 5.84-5.75 (tdd, J„_»^„^=6.6 
Hz,^ . / / , = 10.2 Hz,J„./,^= 17.1 Hz, IH, CH2=CH-), 5.01-4.91 (dd, ^^_/ /= 10.2 
^^^JH,-H,= 1-2 Hz, IH, HzC=CH-), 4.90 (dd, J„^_„ = 17.1 Hz, J„^_„^ = 1.2 Hz, 
IH, H^=CU-), 2.33 (s, 3H), 2.79 (t, J = 7.20 Hz, 2H, CH2 a to oxazole ring;, 
2.06-2.00 (m, 2H, -C//^-CH=CH2), 1.91-1.87 (m, 2H, -CH2 j3 to oxazole ring), 
1.30 (br.s, 1 OH, chain C/6). 
" C NMR (CDCI3, 100 MHz) 5/ppm: 168.19 (C-2'), 141.41 (C-4'), 148.30 (C-5'), 
110.82 (C-6'), 124.24 (C-7'), 129.16 (C-8'), 119.14 (C-9'), 33.82 (C-1 & C-2), 
29.27 (C-3),-(C-7), 34.39 (C-8), 139.19 (C-9), 114.20 (C-10). 
MS (m/z %): 293 (13), 291 (37), 181 (40), 167 (100), 153 (23). 
Analysis Calcd. for C,7H22C1N0: C, 69.98; H, 7.59; N, 4.80 %. Found C, 70. 25; 
H, 7.46; N, 4.89 %. 
5-Chloro-2-heptadec-8-enyl-lH-benzoxazole{3j): 
IR(KBr): 2854, 1585, 1470 cm^'. 
' H NMR (CDCI3,400 MHz) 6/ppm: 7.01 (dd, J8.2, 2.8 Hz, IH, Ai-H), 7.30 (d, 7 = 
8.4 Hz, IH, Ar-H), 7.39 (d, J - 1.8 Hz, IH, Ai-H), 5.37-5.33 (m, 2H, -CH=CH-), 
2.77 (t, y = 7.52 Hz, 2H, -C/Z^a to oxazole ring), 2.05-2.01(m, 4H, -C//2-CH=CH-
CH2-), 1.92-1.84 (m, 2H, -CH2 P to oxazole ring), 1.29 (br.s, 20H, chain CH2), 
0.88 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 5/ppm: 168.19 (C-2'), 141.41 (C-4'), 148.30 (C-5'), 
110.82 (C-6'), 124.30 (C-7'), 129.20 (C-8'), 119.18 (C-9'), 33.56 (C-1 & C-2), 
31.95 (C-3),-(C-6), 34.39 (C-7 & C-10), 130.06 (C-8 & C-9), 29.37 (C-ll),-( C-15), 
22.73 (C-16), 14.17 (C-17). 
MS (m/z %): 391 (12), 389 (37), 291 (41), 277 (33), 167 (100), 153 (22). 
Analysis Calcd. for C24H36CINO: C, 73.92; H, 9.30; N, 3.59 %. Found C, 73.58; 
H, 9.42; N, 3.70 %. 
91 
Synthesis of Benzoxazoles and Naphtho[2,3-t/]oxazoles 
/ 7-(5-Chloro-lH-benzoxazol-2-yl)-heptadec-9-en-7-ol (3k): 
IR(KBr): 2860, 1595, 1475 cm"'. 
' H N M R (CDCI3, 400 MHz) 5/ppm: 7.11 (dd, 7 = 8.2, 2.4, IH, Ar-H), 7.30 (d, J = 
8.4 Hz, IH, Ax-H), 7.40 (d, J = 1.8 Hz,lH, Ar-//), 5.49-5.44 (m, 2H, -CH=CH-), 
3.69-3.67 (m, IH, -C//-OH), 2.79 (t, J = 7.6 Hz, 2H, -CH2 a to oxazole ring) , 
2.43-2.41 (m, IH, -CH-OH), 2.04-1.98 (m, 4H, -C/f2-CH=CH-C//2-), 
1.90.1.87 (m, 2H, -CH2 P to oxazole ring) , 1.29 (br.s, 18H, chain CH2), 
0.88 (dist.t, 3H, CH3). 
" C NMR (CDCI3, 100 MHz) 6/ppm: 168.19 (C-2'), 141.41 (C-4'), 148.30 (C-5'), 
110.82 (C-6'), 124.41 (C-7'), 129.11 (C-8'), 119.21 (C-9'), 31.95 (C-1 & C-2), 
29.64 (C-3),-(C-6), 34.39 (C-7 & C-10), 130.14 (C-8 & C-9), 71.54 (C-11), 
39.12 (C-12), 25.38(C-13), 31.54 (C-14 & C-15), 22.65 (C-16),14.17 (C-17). 
MS (m/z %): 407 (10), 405 (31), 329 (44), 285 (23), 167(100), 153 (20). 
Analysis Calcd. for C24H36CINO2: C, 71.01; H, 8.93; N, 3.45 %. Ffound C, 70.88; 
H, 9.01; N, 3.36%. 
l-(5-Chloro-lH-benzoxazol-2-yl)-heptadec-ll-en-8-ol (31): 
IR(KBr): 2855, 1580, 1470 cm-'. 
' H NMR (CDCI3, 400 MHz) 6/ppm: 7.12 (dd, J = 8.2,1.8 Hz,lH, Ai-H), 
7.33 (d, y = 8.4 Hz, IH), 7.41 (d, J - 1.8 Hz, IH), 5.49-5.44 (m, 2H, -CH=CH-), 
4.08-4.0l(m, IH, -CH-OH), 2.80 (t, J = 7.2 Hz, 2H, -CH2 a to oxazole ring), 
2.33-2.26 (m, IH, -CH-OH), 2.07-2.00 (m, 4H, -CH2-CH=CH-CH2-), 
1.89-1.84 (m, 2H, -CH2 P to oxazole ring), 1.44 (br.s, 18H, chain CH2), 
0.98 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 6/ppm: 168.19 (C-2'), 141.41 (C-4'), 148.30 (C-5'), 
110.82 (C-6'), 124.38 (C-7'), 129.10 (C-8'), 119.19 (C-9'), 31.54 (C-1 & C-2), 
29.24 (C-3),-(C-6), 37.24 (C-7 & C-9), 72.14 (C-8), 34.39 (C-10 & C-13), 
130.52 (C-11 & C-12), 30.96 (C-14& C-15), 22.32 (C-16), 14.15 (C-17). 
MS (m/z %): 407 (14), 405 (34), 349 (28), 335 (40), 167(100), 153 (22). 
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Analysis Calcd. for C24H36CINO2: C, 71.01; H, 8.93; N, 3.45 %. Found C, 70.79; 
H, 8.82; N, 3.39 %. 
2'Dec-9-enyl-5-nitro-lH-benzoxazole {3m): 
IR(KBr): 2858, 1588, 1472 cm"'. 
' H NMR (CDCI3, 400 MHz) 6/ppm: 7.97(m, 2H, Ar-H), 6.85 (m,lH, Ai-H), 
5.85-5.75 (IH, tdd, J^_.^ ^ = 6.6 liz,J„.„^ = 10.2 Uz,J„_„^= 17.1 Hz, CH2=C//-), 
5.01-4.91(dd, Jf,,.H= 10-2 liz,J„^_„^= 1.2 Hz, IH, H2P=CR-), 
4.90 (dd, J„^_„ =17.1 Hz, J„^_„^ = 1.2 Hz, IH, H^=CH-), 2.81 (t, J= 8.2 Hz, 
2H, CH2 a to oxazole ring;, 2.03-2.01 (m, 2H, -C//2-CH=CH2), 1.91-1.87 (m, 2H, -
CH2 P to oxazole ring), 1.31 (br.s,10H, chain CH2). 
"C NMR (CDCI3, 100 MHz) 5/ppm: 169.31 (C-2'), 141.81 (C-4'), 155.89 (C-5'), 
111.82 (C-6'), 119.53 (C-7'), 144.32 (C-8'), 114.92 (C-9'), 33.82 (C-1 & C-2), 
29.27 (C-3),-(C-7), 34.39 (C-8), 139.19 (C-9), 114.20 (C-10). 
MS (m/z %): 302 (38), 191 (28), 177 (100), 163 (27). 
Analysis Calcd. for C,7H22N203: C, 67.54; H, 7.33; N, 9.26 %. Found C, 87.82; 
H, 7.46; N, 9.41%. 
2-Heptadec-8-enyl-5-nitro-lH-benzoxazole (3n): 
IR (KBr): 2852,1580,1465 cm-'. 
' H NMR (CDCI3, 400 MHz) 8/ppm: 7.98 (m, 2H, Ai-H), 6.86 (m,lH, Ai-H), 
5.37-5.33 (m, 2H, -CH=CH-), 2.67(t, J = 8.0 Hz, 2H, -CH2 a to oxazole ring), 
2.05-2.0l(m, 4H, -C//2-CH=CH-C//2-), 1.92-1.84 (m, 2H, -CT/^p to oxazole ring), 
1.29 (br.s, 20H, chain CH2), 0.88 (dist.t, 3H, C//j). 
"C NMR (CDCI3, 100 MHz) 5/ppm: 169.23 (C-2'), 141.78 (C-4'), 155.82 (C-5'), 
111.72 (C-6'), 119.51 (C-7'), 144.29 (C-8'), 114.87 (C-9'), 33.56 (C-1 & C-2), 
31.95 (C-3),-(C-6), 34.39 (C-7 & C-10), 130.06 (C-8 & C-9), 29.37 (C-1!),-( C-15), 
22.73 (C-16), 14.17 (C-17). 
M S (m/z % ) : 400 (25), 301 (39), 287 (40), 177 (100), 163 (27). 
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Analysis Calcd. for C24H36N2O3: C, 71.98; H, 9.05; 6.99 %. Found C, 71.62; 
H, 9.17; N, 7.09%. 
/ 7-(5-Nitro-lH-benzxazol-2-yl)-heptadec-9-en-7-ol (3o): 
IR (KBr): 2870, 1575, 1480 cm"'. 
' H N M R (CDCI3, 400 MHz) 6/ppm: 7.96 (m, 2H, hi-H), 6.84 (m,lH, Ax-H), 
5.49.5.44 (m, 2H, -CH=CH-), 3.69-3.67 (m, IH, -C//-OH), 2.66 (t,J= 7.6 Hz, 2H, -
CH2 a to oxazole ring) , 2.43-2.41 (m, IH, -CH-OH), 2.04-1.98 (m, 4H, -CH2-
CH=CH-C//r), 1.90.1.87 (m, 2H, -CH2 p to oxazole ring) , 1.29 (br.s, 18H, chain 
CH2), 0.88 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 6/ppm: 169.27 (C-2'), 141.72 (C-4'), 155.85 (C-5'), 
111.76 (C-6'), 119.49 (C-7'), 144.26 (C-8'), 114.88 (C-9'), 31.95 (C-1 & C-2), 
29.64 (C-3),-(C-6), 34.39 (C-7 & C-10), 130.14 (C-8 & C-9), 71.54 (C-11), 
39.12 (C-12), 25.38 (C-13), 31.54 (C-14 & C-15), 22.65 (C-16),14.17 (C-17). 
MS (m/zVo): 416 (21), 331 (39), 287 (25), 177 (100), 163 (29). 
Analysis Calcd. for C24H36N2O4: C, 69.20; H, 8.71; N, 6.72 %. Found C, 69.58; 
H, 8.63; N, 6.92 %. 
1-(5-NUro-J H-benzoxazol-2-yl)-/teptadec-l l-en-8-ol (3p): 
IR (KBr): 2868, 1577, 1482 cm"'. 
' H NMR (CDCI3, 400 MHz) 5/ppm: 7.97 (m, 2H, Ai-H), 6.82 (m,lH, Ar-H), 
5.49-5.44 (m, 2H, -CH=CH-), 4.08-4.01 (m, IH, -C//-OH), 2.88 (t, J = 7.2 Hz, 2H, 
-CH2 a to oxazole ring), 2.33-2.26 (m, IH, -CH-OH), 2.07-2.00 
(m, 4H, -C//2-CH-CH-C//2-), 1.89-1.84 (m, 2H, -CH2 p to oxazole ring), 
1.44 (br.s, 18H, chain CH2), 0.98 (dist.t, 3H, C//j). 
'^C NMR (CDCI3, 100 MHz) 6/ppm: 169.24 (C-2'), 141.77 (C-4'), 155.82 (C-5'), 
111.79 (C-6'), 119.48 (C-7'), 144.30 (C-8'), 114.92 (C-9'), 31.54 (C-1 & C-2), 
29.24 (C-3),-(C-6), 37.24 (C-7 & C-9), 72.14 (C-8), 34.39 (C-10 & C-13), 
130.52 (C-11 & C-12), 30.96 (C-14& C-15), 22.32 (C-16), 14.15 (C-17). 
MS (m/z %): 416 (18), 359 (35), 345 (45), 177 (100), 163 (25). 
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Analysis Calcd. for C24H36N2O4: C, 69.20; H, 8.71; N, 6.72 %. Found C, 69.45; 
H, 8.87; N, 6.87 %. 
2-Dec-9-enyl-naphtho [2,3-dJ-oxazole (3q): 
IR (KBr): 2898, 1700, 1475 cm"'. 
' H N M R (CDCI3, 400 MHz) 6/ppm: 7.74-7.69 (m, 2H, Ai-H), 7.64-7.62 (m, 2H, 
Ai-H), 7.38-7.37 (m, 2H, Ar-H ) , 5.85-5.75 (tdd, V^.,^^^ = 6.6 }iz,J„_„^= 10.2 
Hz,Jff_H^= 17.1 Hz, IH, CH2=C//-), 5.01-4.91(dd, J«^_„= 10.2 Hz,J„^.^^= 1.2 
Hz, IH, //zC=CH-), 4.90 (dd, J„^_„ =17.1 Hz, J„^_„^ = 1.2 Hz, IH, //£C=CH-), 
2.88 (t, J = 4.0 Hz, 2H, CH2 a to oxazole ring;, 2.03-2.01 (m, 2H, -C7/?-CH=CH2), 
1.91-1.87 (m, 2H, -CH2 P to oxazole ring), 1.31 (br.s, lOH, chain CH2). 
'^C NMR (CDCI3, 100 MHz) 5/ppm: 165.32 (C-2'), 139.25 (C-4'), 151.33 (C-5'), 
111.72 (C-6'), 125.67 (C-7'), 127.34 (C-8' & C-11'), 125.2 (C-9' & C-10'), 124.80 
(C-12'), 119.30 (C-13'), 33.82 (C-1& C-2), 29.27 (C-3),-(C-7), 34.39 (C-8), 
139.19 (C-9), 114.20 (C-10). 
MS (m/z %): 307 (23), 196 (37), 182 (100), 168 (38). 
Analysis Calcd. for C21H25NO: C, 82.05; H, 8.19; N, 4.55 %. Found C, 81.88; 
H, 8.02; N, 4.48 %. 
2-Heptadec-8-enyl-naphtho [2,3-dJ-oxazole (3r): 
IR (KBr): 2898, 1700, 1485 cm-'. 
' H NMR (CDCI3, 400 MHz) 5/ppm: 7.73-7.70 (m, 2H, Ai-H), 7.63-7.62 (m, 2H, 
A T - / / ) , 7.38-7.37 (m, 2H, Ai-H), 5.37-5.33 (m, 2H, -CH=CH-), 2.89 (t, J = 4.2 Hz, 
2H, -C//2a to oxazole ring), 2.05-2.01 (m, 4H, -C//2-CH=CH-C//2-), 1.92-1.84 (m, 
2H, -C//2P to oxazole ring), 1.29 (br.s, 20H, chain CH2), 0.88 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 6/ppm: 165.32 (C-2'), 139.25 (C-4'), 151.33 (C-5'), 
111.72 (C-6'), 125.67 (C-7'), 127.34 (C-8' & C-ll ' ) , 125.2 (C-9' & C-10'), 
124.80 (C-12'), 119.30 (C-13'), 33.56 (C-1 & C-2), 31.95 (C-3 - C-6), 
34.39 (C-7 & C-10), 130.06 (C-8 & C-9), 29.37 (C-ll - C-15), 22.73 (C-16), 
14.17 (C-17). 
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MS {m/z %): 407 (26), 316 (40), 302 (33), 182 (100), 168 (35). 
Analysis Calcd. for C28H39NO: C, 82.92; H, 9.68; N, 3.45 %. Found C, 82.71; 
H, 9.87; N, 3.57 %. 
17-Naphtho [2,3-dJ-oxazol-2-yl-heptadec-9-en-7-ol (3s): 
IR(KBr): 2898,1700, 1475 cm-'. 
' H N M R (CDCI3,400 MHz) 6/ppm:7.73-7.70 (m, 2H, Ai-H), 7.63-7.62 (m, 2H, Ar-
H), 7.38-7.37 (m, 2H, Ai-H), 5.49-5.44 (m, 2H, -CH=CH-), 3.69-3.67 (m, IH, -CH-
OH), 2.89 (t, J= 4.0 Hz, 2H, -CT/^a to oxazole ring), 2.43-2.41 (m, IH, -CW-OH), 
2.04-1.98 (m, 4H, -Ci/2-CH=CH-C//2-), 1.90.1.87 (m, 2H, -CH2 p to oxazole ring), 
1.29 (br.s, 18H, chain CHi), 0.88 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 8/ppm: 165.32 (C-2'), 139.25 (C-4'), 151.33 (C-5'), 
111.72 (C-6'), 125.67 (C-7'), 127.34 (C-8' & C-11'), 125.2 (C-9' & C-10'), 
124.80 (C-12'), 119.30 (C-13'), 31.95 (C-1 & C-2), 29.64 (C-3 - C-6), 
34.39 (C-7 & C-10), 130.14 (C-8 & C-9), 71.54 (C-11), 39.12 (C-12), 25.38 (C-13), 
31.54 (C-14 & C-15), 22.65 (C-16), 14.17 (C-17). 
MS {m/z %): 421 (22), 346 (45), 316 (18), 302 (28), 177 (100), 168 (25). 
Analysis Calcd. for C28H39NO2: C, 79.77; H, 9.32; N, 3.32 %. Found C, 79.98; 
H, 9.44; N, 3.43 %. 
1-Naphtho [2,3-dJ oxazol-2-yl-heptadec-ll-en-8-ol (3t): 
IR (KBr): 2898, 1655, 1470 cm-'. 
' H NMR (CDCI3, 400 MHz) 5/ppm:7.73-7.70 (m, 2H, Ai-H), 7.63-7.62 (m, 2H, 
Ai-H), IM-l.'il (m, 2H, Ax-H), 5.49-5.44 (m, 2H, -CH=CH-), 
4.08-4.0l(m, IH, -C//-OH), 2.88 (t, J = 7.2 Hz , 2H, -CH2 a to oxazole ring), 
2.33-2.26 (m, IH, -CH-0//), 2.07-2.00 (m, 4H, -C//2-CH-CH-C//2-), 
1.89-1.84 (m, 2H, -CH2 p to oxazole ring), 1.44 (br.s, 18H„ chain CH2), 
0.98 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 5/ppm: 165.32 (C-2'), 139.25 (C-4'), 151.33 (C-5'), 
111.72 (C-6'), 125.67 (C-7'), 127.34 (C-8'«& C-11'), 125.2 (C-9' & C-10'), 
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124.80 (C-12'), 119.30 (C-13'), 31.94 (C-1 8c C-2), 29.62 (C-3 - C-6), 
34.38 ( C-7 & C-10), 130.12 (C-8«& C-9), 71.52 ( C-11), 39.12 (C-12), 25.37 (C-13), 
31.54 (C-14 & C-15), 22.66 (C-16),14.17 (C-17). 
MS (m/z %): 421 (24), 364 (28), 350 (47), 177 (100), 168 (25). 
Analysis Calcd. for C28H39NO2: C, 79.77; H, 9.32; N, 3.32 %. Found C, 79.92; 
H, 9.23; N, 3.46 %. 
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6.1 Theoretical 
In view of environmental mandates, there is a global effort to replace 
conventional catalysts by eco-friendly catalysts. The replacement of current 
chemical processing with more environmentally benign alternatives is an 
increasingly attractive subject [1]. Esterification is one of the most fundamental and 
important reactions in organic synthesis [2]. Esterification of carboxylic acids with 
alcohols represents a well-known category of liquid-phase reactions of considerable 
industrial interest due to the enormous practical importance of organic ester 
products [3-5]. Organic esters are a very important class of chemicals having 
applications in a variety of areas such as perfumery, flavors, pharmaceuticals, 
plasticizers, solvents, and intermediates. 
There are several routes by which esters can be synthesized as briefly 
mentioned below [6]: 
^ 1. Esters by Solvolytic Reactions. Direct conversions of carboxylic acids and 
acid derivatives into esters by reactions with hydroxylic compounds are the 
so-called solvolytic reactions, which include the following: (a) direct 
esterification of acids; (b) alkylation of carboxylic salts; (c) alcoholyses of 
acyl halides; (d) alcoholyses of anhydrides; (e) alcoholyses of nitriles and 
amides; (f) alcoholyses of ketens; (g) transesterification. 
2. Esters by Condensation Reactions. Reactions involving carbanion 
intermediates can be used to prepare carboxylic acid esters, and several of 
above condensation reactions can be adapted to the preparation of esters. 
Some well-known reactions of this category are the following: 
(a) Knoevengel reaction; (b) Dazens reactions; (c) Wittig-type reactions; 
(d) Reformatsky reaction; (e) acetoacetic ester synthesis; (f) malonic ester 
synthesis (g) derivatives of a-anionic esters; (h) Michael reactions and 
related conjugate additions; (i) Claisen condensations. 
3. Esters by Free-Radical Processes, (a) radical addition and substitution 
reactions; (b) acyloxylation reactions; (c) anodic dimerization. 
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4. Miscellaneous Ester Synthesis, (a) from organoboranes; (b) from 
acetylenes; (c) from diazo esters; (d) carbonylation of alcohol; and 
(e) by phase transfer catalyzed reaction of alkyl or aryl halide with inorganic 
salt of the carboxylic acid (both liquid-liquid and solid-liquid). 
Although a number of techniques for the synthesis of different 
types of esters are reported in the literature, a great need still exists for 
a simple and mild procedure for this transformation, since most of 
these methods involve the use of toxic reagents and catalysts like 
DMAP [4-(A^,A^-dimethylamino)pyridine] [7], TBAF (tetra-(n-butyl)ammonium 
flouride) [8], DBU(l,8-diazabicyclo[5.4.0]undec-7-ene) [9], (C8Hi7)3N^MeCr[10], 
Ph3P(OS02CF3)2 [11] and tributylphosphine [12]. Besides these examples, 
recent work on esterification includes the application of various metal triflates e.g. 
Sc (0Tf)3 [13], Yb(0Tf)3 [14], TMSOTf [15] etc. 
Now days, the development of new synthetic method and reactions using 
new and enviroimiental friendly reagents is gaining importance. Reactions on solid 
surfaces are safer, and reagents immobilized on solid and polymer supports 
are less toxic, more stable, and easier to handle. The frequent argument in 
favor of biphasic reactions is mainly due to reduced effluent and waste problems. 
Easy work up, less time and energy requirement, and high turnover are some of the 
reported advantages [16]. 
Some methods available for the preparation of carboxylic esters using 
homogenous catalysts like iodine (Scheme 1) [17], 
I2 
RCOOH + R'OH .• RC00R '+H20 
A 
RCOOR'+R"OH ^ RCOOR"+R'OH 
A 
RCOOR' +RCOOH + R'OH = ^ RCOOR"+ R'OH 
A 
Scheme 1 
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polyaniline salt; the structure of which is generally represented as [18] 
V_/~'"~\^^''~\ ^N= 
(H^A-), 
IT A- = HCl, HNO3, H2SO4, H3PO4, CH3(C6H4)S03H 
CBr4/hv(Scheme2)[19], 
CBr^/ MeOH ( 5%/ 5ml) 
RCO2H ^ RCOjMe 
hv ( 30 min); Stir at rt 
Scheme 2 
hafnium sah (Scheme 3) [20], 
HfCL.(THF) 
P^ ' - Y-"" ^-l!^^ . ^ ^ .OMe 
Ph 5 MeOH, rt, 
11 hrs O 
Scheme 3 
diphenyl ammonium triflate (Scheme 4) [21], 
R' CCi R^  
^ cat. DPAT/ ( cal. TMSCl) 
J^3QJJ toluene 
Scheme 4 
R'C02R^ + R^OH (R^ = H,Me,Et) 
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eerie ammonium nitrate (CAN) (Scheme 5) [22], 
O 
CAN 
R - ^ + R'OH 
OH 
- * • R 
55-60°C 
+ H2O + Ce 
OR' 
IV 
Scheme 5 
2,2-dimethoxypropane/TMSCl (Scheme 6) [23], 
COOH COOH 
TMSCl cat. rt. 
MeO OMe 
Alkyl - COOH 
MeOH 
Alkyl - COOMe 
Scheme 6 
distannoxane [24], and heterogenous catalysts like silica-supported 
sulphonic acid [25], graphite bisulphate [26] and Ti'^'*-exchanged montmorillonite 
(Scheme 7) [27], provides green protocol [28]; particularly, use of equimolar 
amounts of carboxylic acids and alcohols [20- 22, 25-27] is preferable from the 
standpoint of the atom efficiency. 
R'COOH + I 
OH Ti ' ' - mont O 
solvent-free V 
Scheme 7 
Fatty esters have been extensively studied and have 
showed diverse biological activities such as antioxidant [29], antifeedent [30], 
anti-inflammatory [31], antiparasitic [32], antimicrobial [33], herbicidal [34], 
bacterial [35], fungicidal [36] and neuroprotective [37]. Certain fatty esters 
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are used as conditioning agents [38], in cosmetics [39] and are found 
effective for the treatment of dermatitis [40], cardiovascular, hepatic and renal 
diseases [41]. The fatty ester metabolites of corticolds also show biological 
activity [42]. They have also found numerous industrial applications as 
antifogging agent [43], plasticizer in biodegradable plastic materials [44], 
lubricating and softening agents [45] and are also used as biodiesel fuel [46-50]. 
The production of biodiesel has received extensive interest as a result of its 
desirable renewable, biodegradable, and non-toxic properties [47, 51]. 
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6.1 P205/Si02 as an Efficient, Mild and Heterogeneous 
Catalytic System for Esterification of Long-Chain Carboxylic 
Acids under Solvent-Free Conditions and their Antimicrobial 
Screening 
In view of the above mentioned pharmacological and industrial uses 
of fatty esters and our ongoing efforts to synthesize fatty acid derivatives [52], it was 
found that P205/Si02 can be used for the esterification of fatty acids 
with aromatic alcohols under solvent-free conditions. According to the 
literature P205/silica gel has been used in acylation [53, 54], Fries rearrangement 
[55], protection and deprotection of aldehydes or alcohols [56], nitration [57], 
oxidation [58], and Beckmann or Schmidt rearrangements [59]. To the best of 
knowledge, it is the first example of esterification of fatty acids 
with various aromatic alcohols by solid-phase approach. Furthermore, synthesized 
esters 3a-x was screened in vitro for antibacterial activity against the 
representative panel of two Gram positive and Gram negative bacteria. 
All the synthesized compounds were also tested for their inhibitory action against 
different strains of fungus. The various compounds show potent inhibitory 
action against test organisms. 
6.2 Results and Discussion 
Reactions with solid supported reagents are known to produce an enhanced 
reaction rate, higher selectivity and greater efficiency. Also lower mobility of 
supported reagents makes them safer to handle. A simple filtration removes excess 
supported reagents and by-products from reaction mixture at the end of the 
reactions. Reactions utilizing supported reagents also produce small amount of 
solid waste. In addition spent solid supported reagents offer possibility for 
regeneration of active reagents by appropriate treatment. 
As a part of interests in solid-supported reagents in organic 
reactions [60], P205/Si02 (75 %, w/w) reagent for the esterification of long-chain 
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carboxylic acids with aromatic alcohols (Scheme 8) has been developed. P205/Si02 
is more stable, less hygroscopic with much more activity than unsupported P2O5, 
and is prepared via grinding 1.2 gm of P2O5 and 0.4 gm of preheated Si02 in a 
mortar for 1 min to give a homogeneous mixture. 
O P ,0 , / SiO, (75%, w/w) O 
R ' _ ^ + HO-Ar — i^ ^ . -^ R ' — < 
OH Heat O—Ar 
la-f 2a-d 3a-x 
Scheme 8: Synthesis of long-chain carboxylic esters from aromatic alcohols 
Initially, in order to evaluate the efficiency of various acidic 
reagents in the esterification reaction, their activities in a model reaction between 
undec-10-enoic acid (1 equiv) and phenol (1 equiv) at 80 °C (Table 1) were 
investigated. Among the acids screened, a mixture of P2O5 and silica gel (75 % w/w) 
was found to be superior (Table 1, entry 7). The applicability of the present method 
to a large scale process was examined with 50 mmoles of (Z) octadec-9-enoic acid 
and phenol which gave phenyl (Z)-octadec-9-enoate in 86 % yield. 
Table 1 Esterification of phenol with undec-10-enoic acid in different acidic media 
o o // Acid, 80 °C // 
H2C=HC-(H2C)7-H2C—^ + PhOH ^ H2C=HC-(H2C)7-H2C—Y 
OH OPh 
Entry Acid Time(h) Yield'(%) 
1 H2SO4 5 48 
2 P2O5 4.5 75 
3 P2O5/AI2O3 (25%, w/w) 8 55 
4 P2O5/AI2O3 (60%, w/w) 4 72 
5 P205/Si02 (50%, w/w) 5.5 78 
6 P205/Si02 (60%, w/w) 3.5 80 
7 P205/Si02 (75%, w/w) 3 86 
^Isolated yield. 
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The extent of esterification reaction progress as a function of time for 
undec-10-enoic with different phenols is shown in Fig. 1. 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
•A 
•B 
•C 
•D 
2 3 
Time (hours) 
Fig. 1 Esterification reaction of undec-lU-enoic (Ic) with different phenols 
in presence of P205/Si02 to yield the corresponding esters where, 
(A) phenol, (B) 4-chlorophenol, (C) 1-naphthol, (D) 2-naphthol. 
As clear from the curve, the reaction with phenol and 
4-chlorophenol achieve 86% conversion within 3 hours while the same 
percent conversion was obtained in 4 hours when Ic is treated with 1-naphthol 
and 2-naphthol. 
The generality and scope of this new protocol was further demonstrated by 
subjecting a wide range of aromatic alcohols to the reaction with different 
long-chain carboxylic acids. In most of the cases, the reactions proceeded cleanly 
and the desired esters were obtained in good yields (Scheme 8, Table 2).The 
various functionalities present in the carboxylic acid such as double bond 
and hydroxyl group were tolerated. The esterification of simple aromatic 
alcohols with carboxylic acids in the presence of P205/Si02 (75 %, w/w) afforded 
the corresponding esters in good yields (84-87 %). The reactions of phenol, 
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4-chlorophenol, 1-naphthol, and 2-naphthol with Ic gave the corresponding 3c, 3i, 
3o, and 3u in 86 % yields respectively. Similar results were obtained with all fatty 
acids. The results are summarized in Table 2. 
Chromatographic processes led to the isolation of products 3a-x which 
was characterized by spectroscopic means. In the IR spectra all the fatty acid 
esters 3a-x exhibited band at 1720-1730 cm"' corresponding to the ester 
ftmctionality. In the 'H N M R spectra, aromatic proton values were obtained for all 
compounds. In '^ C NMR spectra all the synthesized compounds showed the peak at 
172.1 -172.5 ppm for the carbonyl carbon (detailed spectra given in the experimental 
section). 
AH the compounds 3a-x was screened for antibacterial and antifungal 
activity. Screening results are summarized in Table 3 and Table 4. The minimum 
inhibitory concentrations (MIC) of all the tested compoxmds were 0.1 mg/ml. The 
newly generated compounds have exerted significant inhibitory activity 
against the growth of the test bacterial strains. The data pertaining to Table 3 reveals 
that 3a-x have significant influence on antibacterial profile of Gram+ve bacteria 
(Bacillus subtilis and Staphylococcus aureus). The higher susceptibility of Gram+ve 
bacteria is probably due to the absence of a unique outer membrane of 
peptidoglycon; hence the wall of these bacteria is permeable to these 
derivatives. The synthesized compounds also showed good inhibitory results against 
the Gram-ve bacteria {Escherichia coli and Salmonella typhimurium). 
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Table 2 Esterification of long-chain carboxylic acids with different phenols using P205/Si02 
O 
R ' ^ + HO—Ar 
OH 
P2O5 / S iO, ( 7 5 % , w/w) 
70-80 °C 
R'—^ 
la-f 2a-d 
O—Ar 
3a-x 
Temp.("C) Product" Entry 1/2 R' Ar Time (h)/ 
Yield ('/.)'' 
1 la/2a 
2 lb/2a 
3 lc/2a 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
ld/2a 
le/2a 
lf/2a 
la/2b 
lb/2b 
lc/2b 
ld/2b 
le/2b 
lf/2b 
la/2c 
lb/2c 
lc/2c 
ld/2c 
le/2c 
lf/2c 
la/2d 
lb/2d 
lc/2d 
ld/2d 
le/2d 
lf/2d 
H3C CHj 
OH 
OH 
H 3 C ^ ^ ( ^ C H j 
* 0 H * 
OH 
^ O H ' 
OH 
3 D 
H 3 C ^ > ) ^ C H , 
H3C''H^CH, 
HE 
OH 
CsHj 
C6H5 
C6H5 
CaHs 
C6H5 
C6H5 
4-CIC6H4 
4-CIC6H4 
4-CIQH4 
4-CIC6H4 
4-CIC6H4 
4-CIC5H4 
1-Naphthyl 
1-NaphthyI 
1-NaphthyI 
1-Naphthyl 
1-Naphthyl 
1-Naphthyl 
2-Naphthyl 
2-Naphthyl 
2-Naphthyl 
2-Naphthyl 
2-Naphthyi 
2-Naphthyl 
70 
70 
80 
80 
80 
80 
70 
70 
75 
75 
75 
80 
80 
80 
80 
75 
75 
80 
70 
70 
80 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
3h 
3i 
3j 
3k 
31 
3m 
3n 
3o 
3p 
3q 
3r 
3s 
3t 
3u 
3.5/85 
3.5/85 
3/86 
4/85 
4/86 
4/85 
3.5/87 
3.5/87 
3/86 
4/84 
4/85 
4/84 
3.5/86 
3.5/85 
4/86 
4.5/85 
4.5/86 
4.5/85 
3.5/85 
3.5/85 
4/86 
80 3v 4/85 
80 3w 4.5/85 
80 3x 4.5/85 
IR, 'H NMR, "C NMR, MS and 
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''Isolated yields by column chromatography. 
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Table 3 Antibacterial activity of compounds 3a-x 
Compound 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
3h 
3i 
3j 
3k 
31 
3m 
3n 
3o 
3p 
3q 
3r 
3s 
3t 
3u 
3v 
3w 
3x 
Chloramphenicol 
Control DMSO 
E. coli 
14 
13 
14 
15 
15 
15 
13 
13 
12 
13 
12 
12 
13 
14 
12 
12 
13 
12 
14 
13 
13 
14 
14 
14 
20 
— 
Diameter of zone of inhibition (mm) at O.lmg/ml 
Gram negative 
S. typhimurium 
20 
21 
22 
22 
23 
22 
24 
24 
23 
23 
22 
22 
22 
21 
21 
20 
20 
21 
20 
20 
21 
22 
20 
20 
28 
— 
B. subtilis 
33 
34 
32 
34 
32 
33 
33 
34 
35 
35 
35 
34 
32 
31 
32 
33 
32 
31 
34 
33 
32 
31 
34 
34 
40 
— 
Gram positive 
S. aureus 
29 
28 
28 
27 
29 
29 
30 
31 
30 
31 
30 
30 
29 
28 
28 
29 
28 
28 
29 
30 
31 
30 
30 
29 
36 
— 
In another set of experiments, the above mentioned compounds were also 
examined for antifungal activity (Table 4). Nystatin was used as standard drug for 
the comparison of antifungal results. Against all fungal strains (Helminthosporium 
oryzae, Aspergillus niger, Penicillium sp., Trichoderma viridae, and Candida 
albicans), compounds 3a-x showed excellent inhibitory results. 
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Table 4 Antifungal activity of compounds 3a-x 
Compound 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
3h 
3i 
3j 
3k 
31 
3m 
3n 
3o 
3p 
3q 
3r 
3s 
3t 
3u 
3v 
3w 
3x 
Nystatin 
Control DMSO 
C.albicans 
24 
23 
24 
21 
22 
23 
23 
24 
23 
22 
22 
23 
21 
20 
21 
21 
20 
21 
20 
22 
23 
23 
24 
23 
30 
— 
Diameter of zone 
H.oryzae 
14 
13 
14 
14 
12 
12 
15 
14 
15 
16 
14 
14 
11 
12 
11 
11 
12 
12 
13 
12 
11 
12 
11 
12 
20 
— 
of inhibition 
A.niger 
14 
16 
16 
14 
15 
15 
16 
14 
15 
15 
14 
14 
12 
13 
12 
12 
11 
12 
13 
14 
13 
14 
13 
12 
20 
— 
(mm)at O.lmg/ml 
T. viridae 
16 
14 
17 
16 
17 
16 
16 
15 
16 
16 
15 
15 
14 
13 
14 
13 
14 
12 
15 
14 
15 
14 
12 
12 
20 
— 
Penicillium. sp 
18 
18 
19 
17 
18 
18 
19 
19 
20 
20 
19 
19 
18 
17 
16 
17 
16 
17 
18 
19 
18 
17 
18 
18 
25 
— 
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6.3 Experimental 
Hexadecanoic (la), octadecanoic (lb), undec-10-enoic (Ic) and 
(Z)-octadec-9-enoic (Id) were obtained commercially from Fluka chemicals 
(Switzerland). (9Z, 12i?)-12-Hydroxyoctadec-9-enoic (le) (ricinoleic) and 
(9R, 12Z)-9-hydroxyoctadec-12-enoic (If) (isoricinoleic) acids were isolated from 
the natural sources i.e. from Ricinus communis and Wrightia tinctoria seed oils 
respectively following Gunstone's partition method [61]. All the chemicals were 
purchased from Sigma-aldrich. ' H N M R and '"'C NMR spectra were recorded in 
CDCI3 on a Bruker DRX-300 instrument. The chemical shifts (5) were 
measured relative to internal TMS. Mass spectra were obtained on a Jeol SX-102 
(FAB) spectrometer. IR spectra were obtained on Shimadzu 8201 PC FT-IR using 
KBr pellets. 
General procedure synthesis of long-chain carboxylic esters from aromatic 
alcohols: 
Firstly, homogenous mixture was prepared by grinding 1.2 gm (8.4 mmoles) 
P2O5 and preheated 0.4 gm SiOi in a mortar for 1 min. Then to a stirred mixture of 
the alcohol (Smmoles) and carboxylic acid (Smmoles) in a round bottomed flask 
o 
equipped with condenser at 80 C was added 1 gm of the above prepared 
homogeneous mixture and the reaction was heated for the given time (Table 2). 
After the reaction was over (took approximately 4 hrs according to the TLC 
monitoring), CH2CI2 (50 mL) was added and the reaction mixture was further stirred 
for two min. The solid was washed with about 50 mL of CH2CI2. The combined 
methylene chloride solutions were washed with 0.01 N NaOH solution, water and 
dried over anhydrous Na2S04 and under reduced pressure. The residue was 
purified by column chromatography (silica-gel, hexane-diethyl ether, 99:1, v/v for 
3a-3c, 3g-3i, 3m-o and 3s-u, 98:2, v/v for 3d, 3j, 3p and 3v, 97:3, v/v for 3e-f, 3k-l, 
3q-r and 3w-x). 
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Antimicrobial Screening 
Antibacterial screening 
Antibacterial activity of the synthesized compounds 3a-x was studied 
against two Gram+ve bacteria (Bacillus subtilis and Staphylococcus aureus) and 
Gram-ve bacteria {Escherichia coli and Salmonella typhimurium). For the 
detection of antibacterial activity, disc diffusion method with little modification was 
used [62]. Chloramphenicol (Hi-Media Pvt Ltd, Mumbai, India) was used as 
standard antibiotic for antibacterial activity. The compounds were dissolved in 
DMSO. 
Antifungal screening 
Antifungal activity of the synthesized compounds 3a-x was studied 
against five fungi viz., Helminthosporium oryzae (Laboratory isolate), Aspergillus 
niger (Laboratory isolate), Penicillium sp. (Laboratory isolate), Trichoderma viridae 
(Laboratory isolate), and Candida albicans (lOA 109). The disc diffusion method 
with little modification was used [62]. Antibiotic nystatin (Hi-Media Pvt Ltd, 
Mumbai, India) were used in the test system as positive controls. The compounds 
were dissolved in DMSO. 
Spectral Data 
Phenyl hexadecanoate (3a): 
IR(KBr): 1722 cm''. 
' H N M R (CDCI3, 400 MHz) 8 ppm: 7.35-7.33 (m, 2H, Ax-H), 12^-127, (m, IH, 
Ax-H), 7.08-7.05 (m, 2H, Ax-H), 2.55 (t, J = 8.2 Hz, 2H, CH2 a to C=0), 1.75-1.73 
(m, 2H, -C//2 p to C=0), 1.25 (br.s, 24H, chain CHi), 0.88 (distt, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 6 ppm: 150.83 (C-l'), 121.66 (C-2', C-6'), 
129.45 (C-3', C-5'), 125.76 (C-4'), 172.42 (C-l), 32.03 (C-2), 24.78 (C-3), 
29.59 (C-4 - C-13), 31.52 (C-14), 22.80 (C-15), 14.21 (C-16). 
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MS {m/z %): 333 (M^ + 1, 32), 332 (M^ 41), 191(32.1), 177 (20.6), 163 (16.2), 
155 (12.4), 141 (12.3), 149 (31.2), 136 (42.2), 135 (100). 
Analysis Caicd. for C22H36O2: C, 79.52; H, 10.84%. Found C, 79.45; H, 10.87%. 
Phenyl octadecanoate (3b): 
IR(KBr): 1725 cm-'. 
' H N M R (CDCI3, 400 MHz) 5 ppm: 7.35-7.33 (2H, m, Ax-H), 125-l.n (IH, m, 
AT-H), 7.09-7.06 (2H, m, A r - ^ , 2.54 (2H, t, J 8 . 0 Hz, CH2 a to C=0), 1.80-1.66 
(2H, m, -CH2 p to C=0), 1.31 (28H, br.s, chain CH2), 0.88 (3H, dist.t, CH3). 
"C NMR (CDCI3, 100 MHz) 6 ppm: 150.83 (C-F), 121.66 (C-2', C-6'), 
129.45 (C-3', C-5'), 125.76 (C-4'), 172.43 (C-1), 32.03 (C-2), 24.78 (C-3), 
29.59 (C-4 - C-15), 31.52 (C-16), 22.80 (C-17), 14.26 (C-18). 
MS {m/z %): 361 (M^ + 1, 28), 360 (M^ 34), 205 (12.3), 191 (25.9), 177 (20.2), 
171 (18.6), 163 (16.6), 157 (12.2), 149 (31.2), 136 (41.5), 135 (100). 
Analysis Calcd. for C24H40O2: C, 80.00; H, 11.11%. Found C, 79.87; H, 11.26%. 
Phenyl undec-10-enoate (3c): 
IR(KBr): 1727 cm-'. 
' H NMR (CDCI3, 400 MHz) 6 ppm: 7.39-7.33 (m, 2H, Ax-H), 12A-l.n (m, IH, 
Ax-H), 7.08-7.04 (m, 2H, Ai-H), 5.85-5.76 (tdd, J^ ,^^ = 6.6 Hz,^_^^=10.2 
Hz,Jw.//^= 17.1 Hz, IH, CH2=C//-), 5.05-5.02 (dd, Jn^.n= 10.2 Y{z,J„^_„^ = 1.2 
Hz, IH, //zC=CH-), 4.90 (dd, Jf,^_„ =17.1 Hz, J^^.^^ = 1.2 Hz, IH, //£C=CH-), 
2.54 (t, J = 7.5 Hz, 2H, CH2 a to C=0), 2.04-2.01 (m, 2H, -C//rCH=CH2), 
1.81-1.67 (m, 2H, -CH2 p to C=0), 1.33 (br.s, 1 OH, chain CH2). 
'^C NMR (CDCI3, 100 MHz) 6 ppm: 149.29 (C-l'), 121.64 (C-2', C-6'), 
129.79 (C-3', C-5'), 125.79 (C-4'), 172.13 (C-l), 33.85 (C-2), 24.93 (C-3), 
29.52 (C-4 - C-8), 34.38 (C-9), 139.21 (C-10), 114.26 (C-l 1). 
MS (m/z %): 261 (M^ + 1, 26), 260 (M^ 32.6), 191 (19.4), 177 (17.3), 163 (38.0), 
149(41.2), 136(40.5), 135(100). 
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Analysis Calcd. for C,7H2402; C, 78.46; H, 9.23%. Found C, 78.57; H, 9.53%. 
Phenyl (Z)-octadec-9-enoate (3d): 
IR(KBr): 1720 cm"'. 
' H N M R (CDCI3, 400 MHz) 5 ppm: 7.35-7.33 (m, 2H, Ar-//), 7.25-7.16 (m, IH, 
Ar-//), 7.09-7.06 (m, 2H, PM-H), 5.36-5.34 (m, 2H, -CH=CH-), 2.54 (t, J = 7.6 Hz, 
2H, -CH2 a to C=0), 2.05-2.01 (m, 4H, -CH2-CH=CU-CH2-), 1.80-1.66 (m, 2H, 
-CH2 P to C=0), 1.26 (br.s, 20H, chain CH2), 0.88 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 5 ppm: 150.58 (C-1'), 121.54 (C-2', C-6'), 
129.67 (C-3', C-5'), 125.72 (C-4'), 172.28 (C-1), 33.56 (C-2), 25.02 ( C-3), 
29.39 (C-4),-(C-7), 34.39 (C-8 & C-U), 130.11 (C-9 & C-10), 29.37 (C-12 - C-15), 
31.91 (C-16), 22.73 (C-17), 14.18 (C-18). 
MS (m/z %): 359 (M^ + 1, 23), 358 (M^ 28.4), 259 (17.8), 245 (16.4), 177 (23.3), 
163 (32.2), 153 (12.6), 149 (35.7), 136 (45.3), 135(100). 
Analysis Calcd. for C24H38O2: C, 80.45; H, 10.61%. Found C, 80.27; H, 10.52%. 
Phenyl (9Z, l2R)-12-hydroxyoctadec-9-enoate (3e): 
IR(KBr): 1725 cm"'. 
' H NMR (CDCI3, 400 MHz) 5 ppm: 7.37-7.34 (m, 2H, Ax-H), 7.26-7.19 (m, IH, 
Ar-//), 7.08-7.05 (m, 2H, Ar-//), 5.56-5.35 (m, 2H, -CH=CH-), 3.88-3.84 (m, IH, 
-C//-OH), 2.55 (t, J = 6.0Hz, 2H, -CH2 a to C=0) , 2.44-2.40 (m, IH, -CH-OH), 
2.06-2.02 (m, 4H, -C//rCH=CH-C//2-), 1.92.1.84 (m, 2H, -CH2 p to C=0) , 
1.29 (br.s, 18H, chain C//2), 0.88 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 5 ppm: 150.65 (C-1'), 121.32 (C-2', C-6'), 
129.78 (C-3', C-5'), 125.45 (C-4'), 172.30 (C-1), 33.76 (C-2), 25.46 (C-3), 
29.39 (C-4 - C-7), 130.14 (C-9 & C-10), 34.48 (C-8 & C-11), 71.54 (C-12), 
39.12 (C-13), 25.38 (C-14), 31.54 (C-15 & C-16), 22.65 (C-17),14.17 (C-18). 
MS (m/z %): 375 (M^ + 1, 23), 374 (M^ 21.6), 289 (38.5), 191 (32.1), 177 (20.6), 
163(16.2), 155(12.4), 141 (12.3), 149(31.2), 136(42.2), 135(100). 
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Analysis Calcd. for C24H38O3: C, 77.01; H, 10.16%. Found C, 77.10; H, 10.27%. 
Phenyl (9R, 12Z)-9-ltydroxyoctadec-12-enoate (3f): 
IR(KBr): 1725 cm''. 
' H N M R (CDCI3, 400 MHz) 6 ppm: 7.37-7.34 (m, 2H, Kx-H), 7.26-7.19 (m, IH, 
Ai-H), 7.08-7.05 (m, 2H, Ax-H), 5.49-5.44 (m, 2H, -CH=^CH-), 4.08-4.01 (m, IH, 
-CH-OU), 2.56 (t, J = 7.2 Hz, 2H, - CH2 a to C=0), 2.33-2.26 (m, IH, -CW-OH), 
2.07-2.00 (m, 4H, -C//2-CH=CH-C/6-), 1.89-1.84 (m, 2H, -CH2 p to t C=0), 
1.44 (br.s, 18H, chain CH2), 0.98 (dist.t, 3H, CH3). 
"CNMR (CDCI3, 100 MHz) 6 ppm: 150.55 (C-1'), 121.21 (C-2', C-6'), 
129.64 (C-3', C-5'), 125.43 (C-4'), 172.32 (C-1), 33.74 (C-2), 25.41 (C-3), 
29.37 (C-4 - C-7), 37.24 (C-8 & C-10), 72.14 (C-9), 34.39 (C-11 & C-14), 
130.52 (C-12 & C-13), 39.12 (C-13), 25.38 (C-14), 30.96 (C-15& C-16), 
22.32 (C-17), 14.15 (C-18). 
MS (m/z %): 375 (M^ + 1, 22), 374 (M^ 20.2), 317 (12.4), 303 (37.5), 191(22.1), 
177 (26.2), 163 (18.2), 155 (15.4), 141 (18.3), 149 (31.4), 136 (40.2), 135 (100). 
Analysis Calcd. for C24H38O3: C, 77.01; H, 10.16%. Found C, 77.14; H, 10.02%. 
4-(Chlorophenyl) hexadecanoate (3g): 
IR(KBr): 1730 cm''. 
' H NMR (CDCI3, 400 MHz) 8 ppm: 7.19-7.15 (m, 2H, Ai-H), 6.78-6.74 (m, 2H, 
Ax-H), 2.60 (t, y = 6.0 Hz, 2H, CH2 a to C=0), 1.89-1.88 (m, 2H, -CH2 P to C-0), 
1.28 (br.s, 24H, chain CH2), 0.88 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 6 ppm: 149.30 (C-1'), 123.66 (C-2', C-6'), 
129.45 (C-3', C-5'), 131.76 (C-4'), 172.42 (C-1), 32.06 (C-2), 24.68 (C-3), 
29.19 (C-4 - C-13), 31.22 (C-14), 22.82 (C-15), 14.22 (C-16). 
MS im/z %): 368 (M^ + 2, 7.8), 366 (M^ 25.3), 241 (18), 239 (34.8), 227 {^.5% 
225 (24.6), 213 (7), 211 (21.8), 199 (11), 197 (31.7), 185 (8.6), 183(23.8), 171(39), 
169(100). 
120 
Synthesis of Long-Chain Carboxylic Esters 
Analysis Calcd. for C22H35O2CI: C, 72.03; H, 9.55; CI, 9.69 %. Found C, 72.20; H, 
9.42%. 
4-(Chlorophenyl) octadecanoate (3h): 
IR(KBr): 1735 cm''. 
•H N M R (CDCI3, 400 MHz) 5 ppm: 7.19-7.15 (m, 2H, Ax-H), 6.78-6.74(m, 2H, Ar-
H), IM (t, J = 6.0 Hz, 2H, CH2 a to C=0), 1.89-1.88 (m, 2H, -CH2 p to C=0), 
\.29-1.25 (br.s, 28H, chain CH2), 0.88 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 5 ppm: 149.45 (C-1'), 123.26 (C-2', C-6'), 
129.39 (C-3', C-5'), 131.83 (C-4'), 172.41 (C-1), 32.03 (C-2), 24.72 (C-3), 
29.53 (C-4 - C-15), 31.51 (C-16), 22.24 (C-17), 14.21 (C-18). 
MS {m/z %): 396 (M^ + 2, 7.2), 394 (M^ 25.1), 239 (34.1), 227 (7.5), 
225 (23.1), 213 (7.1), 211 (22.6), 199 (11), 197 (31.7), 185 (12), 183 (25), 
171(45.2), 169(100). 
Analysis Calcd. for C24H39O2CI: C, 73.00; H, 9.89; CI, 8.99 %. Found C, 72.93; H, 
9.73%. 
4-(Cltlorophenyl) undec-10-enoate (3i): 
IR(KBr): 1727 cm''. 
•H NMR (CDCI3, 400 MHz) 6 ppm: 7.19-7.15 (m, 2H, hi-H), 6.78-6.75 (m, 2H, 
Ax-H), 5.85-5.75 (tdd, J„_,^„^= 6.6 Hz,J^_^^ =10.2 H z , ^ . „ ^ = 17.1 Hz, IH, 
CH2=C//-), 5.01-4.91 (dd, Jn^_n= 10.2 Hz, ^^_„^= 1.2 Hz, IH, //zC=CH-), 
4.90 (dd, Jf^^_„ = 17.1 Hz, J„^_„^ = 1.2 Hz, IH, //£C=CH-), 2.64 (t, 7 = 8.0 Hz, 
2H, CH2 a to C=0), 2.05-2.01 (m, 2H, -C//2-CH=CH2), 1.65-1.59 (m, 2H, -CH2 P to 
C=0), 1.37-1.29 (br.s, lOH, chain CH2). 
"C NMR (CDCI3, 100 MHz) 5 ppm: 149.29 (C-1'), 123.02 (C-2', C-6'), 
129.50 (C-3', C-5'), 131.13 (C-4'), 172.17 (C-1), 33.80 (C-2), 24.83 (C-3), 
29.32(C-4 - C-8), 34.69 (C-9), 139.12 (C-10), 114.75 (C-11). 
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MS (m/z %): 296 (M^ + 2, 9.8), 294 (M\ 27.3), 241 (10.2), 239 (32.9), 
227 (6.4), 225 (21.9), 213 (10), 211 (30), 199 (31), 197 (33.7), 185 (7), 183 (21), 
171(35.3), 169(100). 
Analysis Calcd. for C,7H2302C1: C, 69.27; H, 7.81; CI, 12.05 %. Found C, 69.34; H, 
8.72%. 
4-(Chlorophenyl) (Z)-octadec-9-enoate (3j): 
IR(KBr): 1725 cm-'. 
' H N M R (CDCI3, 400 MHz) 8 ppm: 7.36-7.26 (m, 2H, As-H), 7.05-6.99 (m, IH, 
Ax-H), 5.37-5.34 (m, 2H, -CH^CH-), 2.64 (t, J = 6.0 Hz, 2H, -CH2 a to C=0), 
2.02-1.98 (m, 4H, -CH2-CH=CH-CH2-), 1.76-1.69 (m, 2H, -CH2 p to C=0), 
1.32 (br.s, 20H, chain CH2), 0.88 (dist.t, 3H, CH3). 
" C NMR (CDCI3, 100 MHz) 5 ppm: 150.83 (C-l'), 123.06 (C-2', C-6'), 129.79 (C-
3', C-5'), 131.86 (C-4'), 172.43 (C-l), 33.23 (C-2), 25.32 ( C-3), 29.53 (C-4 - C-7), 
34.56 (C-8 & C-11), 130.54 (C-9 & C-10), 29.19 (C-12 - C-15), 31.20 (C-16), 
22.33 (C-l7), 14.19 (C-l8). 
M S (m/z % ) : 394 (M*+ 2, 10.3), 392 (M^ 30.2), 295 (12), 293 (36.5), 279 (16.9), 
227 (17), 225 (18.4), 213 (10), 211 (30.3), 199 (13), 197 (28.4), 185 (9.5), 183 
(24.2), 171(33.2), 169(100). 
Analysis Calcd. for C24H37O2CI: C, 73.38; H, 9.43; CI, 9.04 %. Found C, 73.26; H, 
9.54%. 
4-(Chlorophenyl) (9Z, 12R)-12-hydroxyoctadec-9-enoate (3k): 
IR(KBr): 1725 cm-'. 
' H NMR (CDCI3, 400 MHz) 5 ppm: 7.19-7.15 (m, 2H, Ai-H), 6.78-6.74 (m, 2H, 
Ax-H), 5.38-5.35 (m, 2H, -CH=CH-), 3.88-3.84 (m, IH, -C//-OH), 2.59 (t, J = 
8.0Hz, 2H, -C//2a to C=0) , 2.34-2.29 (m, IH, -CH-0//), 2.06-2.01 (m, 4H, -CH2-
CH=CH-C//2-), 1.62-1.59 (m, 2H, -CH2 P to C=0) , 1.26 (br.s, 18H, chain CH2), 
0.88 (dist.t, 3H, C//j). 
122 
Synthesis of Long-Chain Carboxylic Esters 
'^ C N M R (CDCI3, 100 MHz) 6 ppm: 150.65 (C-1'), 123.32 (C-2', C-6'), 
129.78 (C-3', C-5'), 131.24 (C-4'), 172.33 (C-1), 33.46 (C-2), 25.23 (C-3), 
29.39 (C-4 - C-7), 130.63 (C-9 & C-10), 34.48 (C-8 & C-11), 71.98 (C-12), 
39.62 (C-13), 25.31 (C-14), 31.73 (C-15 & C-16), 22.55 (C-17), 14.16 (C-18). 
M S (m/z % ) : 410 (M^ + 2, 9.8), 408 (M^ 27.3), 325 (11), 323 (32.9), 227 (19), 
225 (21.9), 213 (9.5), 211 (28.5), 199 (31), 197 (33.7), 185 (7.3), 183 (23.1), 
171(35.3), 169(100). 
Analysis Calcd. for C24H37O3CI: C, 70.16; H, 9.50; CI, 8.65 %. Found C, 70.31; H, 
9.59%. 
4-(Chlorophenyl) (9R, 12Z)-9- hydroxyoctadec-12-enoate (31): 
IR(KBr): 1726 cm"'. 
*H NMR (CDCI3, 400 MHz) 5 ppm: 7.18-7.13 (m, 2H, Ax-H), 6.77-6.73 (m, 2H, 
Ax-H), 5.48-5.42 (m, 2H, -CH=CH-), 4.06-4.01 (m, IH, -CH-OH), 2.60 (t, J = 7.2 
Hz , 2H, - CH2 a to C=0), 2.33-2.26 (m, IH, -CH-OH), 2.07-2.01 (m, 4H, -CH2-
CH=CH-CH2-), 1.65-1.61 (m, 2H, -CH2 P to C=0), 1.43 (br.s, 18H, chain CH2), 
0.89 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 5 ppm: 150.74 (C-1'), 123.21 (C-2', C-6'), 
129.57 (C-3', C-5'), 131.14 (C-4'), 172.32 (C-1), 33.74 (C-2), 25.41 (C-3), 
29.37 (C-4 - C-7), 37.24 (C-8 & C-10), 72.24 (C-9), 34.39 (C-11 & C-14), 130.50 
(C-12 & C-13), 39.12 (C-13), 25.38 (C-14), 30.96 (C-15& C-16), 22.30 (C-17), 
14.16(C-18). 
M S (m/z % ) : 410 (M* + 2, 10.8), 408 (M^ 29.3), 339 (13), 337 (32.9), 227 (8), 225 
(24), 213 (8), 211 (25.5), 199 (10), 197 (31.5), 185 (9.2), 183 (24.3), 171 (32.3), 169 
(100). 
Analysis Calcd. for C24H37O3CI: C, 70.16; H, 9.50; CI, 8.65 %. Found C, 70.21; H, 
9.62%. 
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1-Naphthyl hexadecanoaie (3ni): 
IR(KBr): 1724 cm-'. 
' H N M R (CDCI3, 400 MHz) 5 ppm: 7.89-7.82 (m, 2H, Ar-//), 7.79-7.71 (m, IH, 
kx-H), 1A9-1A\ (m, 3H, Ar-/f), 7.30-7.22 (m, IH, Ar-//), 2.75 (t, 7 - 6.0 Hz, 2H, 
CH2 a to C=0), 1.64-1.59 (m, 2H, -CH2 p to C=0), 1.33-1.25 (br.s, 24H, chain 
CH2), 0.88 (dist.t, 3H, CH3). 
" C NMR (CDCI3, 100 MHz) 5 ppm: 146.67 (C-1'), 118.07 (C-2'), 125.38 (C-3'), 
125.86 (C-4'), 134.66 (C-5'), 128.02 (C-6'), 126.35 (C-7' & C-8'), 121.14 (C-9'), 
126.90 (C-10'), 172.20 (C-1), 32.21 (C-2), 24.71 (C-3), 29.62 (C-4 - C-13), 
31.96 (C-14), 22.72 (C-15), 14.14 (C-16). 
MS (m/z %): 383 (M^ + 1, 31), 382 (M^ 32.7), 256 (28.4), 241 (27.3), 227 (32.8), 
213(21.8), 199(35.7), 186(42.8), 185(100), 141 (21.3), 127(11.3). 
Analysis Calcd. for C26H38O2: C, 81.68; H, 9.95%. Found C, 81.54; H, 9.89%. 
1-Naphthyl octadecanoate (3n): 
IR(KBr): 1720 cm-'. 
' H NMR (CDCI3, 400 MHz) 5 ppm: 7.89-7.82 (m, 2H, Ar-//), 7.79-7.71 (m, IH, 
Ar-//), 7.49-7.41 (m, 3H, Ar-//), 7.30-7.22 (m, IH, Ar-//), 2.75 (t, J = 8.0 Hz, 2H, 
CH2 a to C=0), 1.62-1.61 (m, 2H, -C//2 p to C=0), 1.27 (br.s, 24H, chain C/6), 
0.88 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 6 ppm: 146.66 (C-1'), 118.12 (C-2'), 125.28 (C-3'), 
125.66 (C-4'), 134.54 (C-5'), 128.17 (C-6'), 126.45 (C-7' & C-8'), 121.32 (C-9'), 
126.88 (C-10'), 172.23 (C-1), 32.12 (C-2), 24.76 (C-3), 29.39 (C-4 - C-15), 
31.43 (C-16), 22.74 (C-17), 14.16 (C-18). 
MS (m/z %): 411 (M^ + 1, 32), 410 (M^ 34), 239 (26), 225 (29), 199 (45), 
185(100), 171(14). 
Analysis Calcd. for C28H42O2: C, 81.95; H, 10.24%. Found C, 81.79; H, 10.29%. 
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1-Naphthyl undec-10-enoate (3o): 
IR(KBr): 1722 cm''. 
' H N M R (CDCI3, 400 MHz) 5 ppm: 7.84-7.83 (m, 2H, Ax-H), 1.1A-1.1\ (m, IH, 
kv-H), 7.45-7.39 (m, 3H, Ax-H), 7.35-7.31 (m, IH, Ax-H), 5.83 (tdd, J„_.^.„^ = 6.6 
H2,J„_/,^=10.2 \{z,J„_„^= 17.1 Hz, IH, CH2=C//-), 5.02 (dd, J;/^_w= 10.2 
Hz,y^^_^^= 1.2 Hz, IH, //2C=CH-), 4.90 (dd, J„^_„ = 17.1 Hz, J„^_«^ = 1.2 Hz, 
IH, H^=Cn-), 2.72 it,J= 8.0 Hz, 2H, CH2 a to C=0), 2.03-2.01 (m, 2H, -CH2-
CH=CH2), 1.62 -1.58 (m, 2H, -CH2 P to C=0), 1.33 (br.s, lOH, chain CH2). 
" C NMR (CDCI3, 100 MHz) 5 ppm: 146.64 (C-1'), 118.20 (C-2'), 125.31 (C-3'), 
125.86 (C-4'), 134.43 (C-5'), 128.21 (C-6'), 126.42 (C-7' & C-8'), 121.41 (C-9'), 
126.79 (C-10'), 172.25 (C-1), 33.82 (C-2), 24.91 (C-3), 29.49 (C-4 - C-8), 
34.42 (C-9), 139.18 (C-10), 114.14 (C-11). 
MS (m/z %): 311 (M* + 1, 27), 310 (M^, 32.6), 241 (27.3), 227 (32.8), 213 (21.8), 
199 (35.7), 186 (42.8), 185 (100), 125 (12.5). 
Analysis Calcd. for C21H26O2: C, 81.29; H, 8.39%. Found C, 81.34; H, 8.45%. 
1-Naphthyl (Z)-octadec-9-enoate (3p): 
IR(KBr): 1725 cm-'. 
•H NMR (CDCI3, 400 MHz) 6 ppm: 7.86-7.82 (m, 2H, Ax-H), 7.73-7.71 (m, IH, 
Ax-H), 1.51,-1 A2 (m, 3H, Ai-H), 7.25-7.22 (m, IH, Ai-H), 5.36-5.34 (m, 2H, 
-CH=CH-), 2.72 (t, J = 7.6 Hz, 2H, -CH2 a to C=0), 2.05-1.97 (m, 4H, -CH2-
CH=CH-CH2-), 1.80-1.66 (m, 2H, -CH2 p to C=0), 1.34 (br.s, 20H, chain CH2), 
0.88 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 6 ppm: 146.67 (C-1'), 118.07 (C-2'), 125.38 (C-3'), 
125.86 (C-4'), 134.66 (C-5'), 128.02 (C-6'), 126.35 (C-7' & C-8'), 121.14 (C-9'), 
126.90 (C-10'), 172.27 (C-1), 33.52 (C-2), 25.09 ( C-3), 29.33 (C-4 - C-7), 
34.27(C-8 & C-11), 130.17(C-9 & C-10), 29.27 (C-12 - C-15), 31.80 (C-16), 
22.69 (C-17), 14.16 (C-18). 
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M S (m/z % ) : 409 (M^ + 1, 24.5), 408 (M^ 32.2), 295 (24.3), 281 (21.9), 227 (32.4), 
213 (21.2), 199 (35.2), 186 (42.2), 185 (100). 
Analysis Calcd. for C28H40O2: C, 82.35; H, 9.80%. Found C, 82.45; H, 9.89%. 
1-Naphthyl (9Z, 12R)-12-hydroxyoctadec-9-enoate (3q): 
IR(KBr): 1725 cm"'. 
*H NMR (CDCI3, 400 MHz) 5 ppm: 7.86-7.82 (m, 2H, Ai-H), l.ll-l.lX (m, IH, 
Ai-H), 7.53-7.42 (m, 3H, Ax-H), 7.25-7.22 (m, IH, Ar-H), 5.45-5.38 (m, 2H, 
-CH=CH-), 3.88-3.84 (m, IH, -C//-OH), 2.88 (t, J = 7.5 Hz, 2H, -C/Z^a to C=0) , 
2.34-2.29 (m, IH, -CU-OH), 2.09-2.03 (m, 4H, -C/Z^-CH^CH-C/Zr), 1.99-1.95 (m, 
2H, -C//?P to C=0) , 1.28 (br.s, 18H, chain CH2), 0.88 (dist.t, 3H, CH3). 
"C NMR (CDCI3, 100 MHz) 6 ppm:146.64 (C-1'), 118.20 (C-2'), 125.31 (C-3'), 
125.86 (C-4'), 134.43 (C-5'), 128.21 (C-6'), 126.42 (C-7' & C-8'), 121.41 (C-9'), 
126.79 (C-10'), 172.27 (C-1), 33.52(C-2), 25.43 (C-3), 29.24 (C-4 - C-7), 
130.17 (C-9 & C-10), 34.42 (C-8 & C-11), 71.48 (C-12), 39.16 (C-13), 25.32 (C-
14), 31.48 (C-15 & C-16), 22.55 (C-17), 14.17 (C-18). 
MS (m/z %): 425 (M^ + 1, 34), 424 (M^ 32.3), 337 (38.3), 241 (25.6), 227 (32.4), 
213 (21.2), 199 (35.2), 186 (42.2), 185 (100). 
Analysis Calcd. for C28H40O3: C, 79.25; H, 9.43%. Found C, 79.35; H, 9.49%. 
1-Naphthyl (9R, 12Z)-9- hydroxyoctadec-12-enoate (3r): 
IR(KBr): 1725 cm"'. 
' H NMR (CDCI3, 400 MHz) 6 ppm: 7.86-7.82 (m, 2H, Ax-H), 7.73-7.71 (m, IH, 
Ar-H), 7.53-7.42 (m, 3H, Ar-H), 7.25-7.22 (m, IH, Ai-H), 5.49-5.44 (m, 2H, 
-CH=CH-), 4.08-4.01 (m, IH, -C//-OH), 2.85 (t, 7 = 7.2 Hz, 2H, -C//^a to C=0), 
2.33-2.26 (m, IH, -CH-OH), 2.07-2.00 (m, 4H, -CH2-CH=CH-CH2-), 1.98-1.94 (m, 
2H, -C//2P to C=0), 1.44 (br.s, 18H, chain CH2), 0.98 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 5 ppm: 146.61 (C-l'), 118.18 (C-2'), 125.34 (C-3'), 
125.81 (C-4'), 134.23 (C-5'), 128.25 (C-6'), 126.39 (C-7' & C-8'), 121.40 (C-9'), 
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126.78 (C-10'), 172.25 (C-1), 33.72 (C-2), 25.41 (C-3), 29.37 (C-4 - C-7), 
37.24 (C-8 & C-10), 72.24 (C-9), 34.39 (C-11 & C-14), 130.50 (C-12 & C-13), 
39.12 (C-13), 25.38 (C-14), 30.96 (C-15& C-16), 22.30 (C-i7), 14.12 (C-18). 
MS {m/z %): 425 (M* + 1, 35.5) 424 (M^ 32.3), 367 (38.3), 353 (32.4), 241 (25.6), 
227 (32.4), 213 (21.2), 199 (35.2), 186 (42.2), 185 (100). 
Analysis Calcd. for C28H40O3: C, 79.25; H, 9.43%. Found C, 79.34; H, 9.59%. 
2-Naphthyl hexadecanoate (3s): 
IR(KBr): 1726 cm-'. 
' H N M R (CDCI3, 400 MHz) 8 ppm: 7.85-7.77 (m, 2H, Ax-H), 7.55-7.54 (m, IH, 
Ax-H), 7.50-7.44 (m, 3H, Ai-H), lAA-120 (m, IH, Ax-H), 2.61 (t, J = 10.0 Hz, 2H, 
CH2 a to C=0), 1.79-1.76 (m, 2H, -CH2 p to C=0), 1.32 (br.s, 24H, chain CH2), 
0.88 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 6 ppm: 149.29 (C-1'), 121.64 (C-2'), 129.38 (C-3'), 
131.46 (C-4'), 127.66 (C-5'), 125.62 (C-6' & C-7'), 127.67 (C-8'), 133.71 (C-9'), 
117.89 (C-10'), 172.43 (C-1), 32.03 (C-2), 24.78 (C-3), 29.59 (C-4 - C-13), 
31.52 (C-14), 22.80 (C-15), 14.11 (C-16). 
MS (m/z %): 383 (M* + 1, 35), 382 (M^ 31.7), 256 (29.4), 241 (26.3), 227 (33.8), 
213 (21.8), 199 (35.7), 186 (42.8), 185 (100), 141 (22.3), 127 (14.3). 
Analysis Calcd. for C26H38O2: C, 81.68; H, 9.95%. Found C, 81.74; H, 9.92%. 
2-Naphthyl octadecanoate (3t): 
IR(KBr): 1722 cm-'. 
' H NMR (CDCI3, 400 MHz) 6 ppm: lM-1.11 (2H, m, Ax-H), 7.55-7.52 (IH, m, 
Ar-H), 7.54-7.44 (3H, m, Ar-H), 7A4-734 (IH, m, AT-H), 2.62 (2H, t, J 10.0 Hz, 
CH2 a to C=0), 1.79-1.76 (2H, m, -CH2 p to C=0), 1.33-1.25 (28H, br.s, chain 
CH2), 0.88 (3H, dist.t, CH3). 
'^C NMR (CDCI3, 100 MHz) 5 ppm: 149.25 (C-l'), 121.61 (C-2'), 129.32 (C-3'), 
131.42 (C-4'), 127.59 (C-5'), 125.56 (C-6' & C-7'), 127.61 (C-8'), 133.67 (C-9'), 
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117.83 (C-IO'X 172.43 (C-1), 32.03 (C-2), 24.78 (C-3), 29.59 (C-4 - C-15), 
31.52(C-16),22.80(C-17), 14.13(C-I8). 
MS (m/z % ) : 411 (M^ + 1, 30), 410 (M^ 32), 239 (24), 225 (21.2), 199 (44.2), 
185(100), 171 (16.5). 
Analysis Calcd. for C28H42O2: C, 81.95; H, 10.24%. Found C, 81.99; H, 10.27%. 
2'Naphthyl undec-10-enoate (3u): 
IR(KBr): 1722 cm''. 
' H N M R (CDCI3, 400 MHz) 6 ppm: 7.81 (2H, m, Ai-H), 7.54 (IH, m, Ax-H), 
7.45 (3H, m, Ai-H), 7.27(1H, m, Ax-H), 5.83 (IH, tdd, J^,^^= 6.6 }iz,J„_„^ = 
10.2 Hz,J„,fj^= 17.1 Hz, CH2-C//-), 5.02 (IH, dd, ^ ^ _ „ = 10.2 Hz,J/,^_^^= 1.2 
Hz, //zC=CH-), 4.90 (IH, dd, J„^_„ = 17.1 Hz, J„^_„^ = 1.2 Hz, //£C=CH-), 2.64 
(2H, t,J= 8.0 Hz, CH2 a to C=0), 2.03 (2H, m, -C//2-CH=CH2), 1.62 (2H, m, -CH2 
P to C=0), 1.33 (lOH, br.s, chain CH2). 
"C NMR (CDCI3, 100 MHz) 8 ppm: 149.24 (C-1'), 121.63 (C-2'), 129.32 (C-3'), 
131.37 (C-4'), 127.60 (C-5'), 125.53 (C-6' & C-7'), 127.62 (C-8'), 133.65 (C-9'), 
117.86 (C-10'), 172.45 (C-1), 33.81 (C-2), 24.87 (C-3), 29.48 (C-4 - C-8), 
34.31 (C-9), 139.28 (C-10), 114.28 (C-11). 
MS (m/z %): 311 (M* + 1, 28), 310 (M^, 31.2), 241 (24.2), 227 (35.2), 213 (26.2), 
199 (33.7), 186 (41.8), 185 (100), 125 (14.7). 
Analysis Calcd. for C21H26O2: C, 81.29; H, 8.39%. Found C, 81.15; H, 8.28%. 
2-Naphthyl (Z)-octadec-9-enoate (3v): 
IR(KBr): 1725 cm''. 
' H NMR (CDCI3, 400 MHz) 5 ppm: 7.83-7.78 (2H, m, Ax-H), 7.55-7.54 (IH, m, 
Ax-H), 7.51-7.42 (3H, m, Ax-H), 7.25-7.19 (IH, m, Ax-H), 5.36-5.34 (2H, m, -
CH=CH-), 2.61 (2H, t, J = 7.2 Hz, -CH2 a to C=0), 2.05-1.97 (4H, m, -CH2-
CH=CH-C//2-), 1.80-1.66 (2H, m, -CH2 p to C-0), 1.33 (20H, br.s, chain CH2), 
0.88 (3H, dist.t, C//j). 
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'^ C NMR (CDCl3,100 MHz) 5 ppm: 149.22 (C-1'), 121.57 (C-2'), 129.25 (C-3'), 
131.27 (C-4'), 127.58 (C-5'), 125.45 (C-6' & C-7'), 127.54 (C-8'), 133.75 (C-9'), 
117.78 (C-10'), 172.48 (C-1), 33.06 (C-2), 25.04 ( C-3), 29.49 (C-4 - C-7), 
34.46 (C-8 & C-U), 130.07 (C-9 & C-10), 29.31 (C-12 - C-15), 31.76 (C-16), 
22.71 (C-17), 14.12 (C-18). 
M S {m/z % ) : 409 (M^ + 1, 33), 408 (M^ 31.2), 295 (25.6), 281 (21.3), 227 (32.9), 
213 (25.2), 199 (32.5), 186 (43.7), 185 (100). 
Analysis Calcd. for C2gH4o02: C, 82.35; H, 9.80%. Found C, 82.40; H, 9.88%. 
2-Naphthyl (9Z, 12R)-12-hydroxyoctadec-9-enoate (3w): 
IR(KBr): 1724 cm-'. 
'H NMR (CDCb, 400 MHz) 6 ppm: 7.83-7.80 (2H, m, Ai-H), 
7.55-7.54 (IH, m, As-H), 7.49-7.42 (3H, m, Ax-H), 125-12Q (IH, m, Ax-H), 
5.49-5.40 (2H, m, -CH=CH-), 3.88-3.84 (IH, m, -CH-OH), 2.65 (2H, t, J = 7.5 Hz, 
-CH2 a to C=0) , 2.34-2.29 (IH, m, -CH-OH), 2.09-2.03 (4H, m, -C//2-CH=CH-
CH2-), 1.99-1.95 (2H, m, -CH2 p to C=0) , 1.29-1.25 (18H, br.s, chain CH2), 
0.91 (3H, dist.t, CH3). 
'^ CNMR (CDCI3, 100 MHz) 6 ppm: 149.29 (C-l'), 121.64 (C-2'), 129.38 (C-3'), 
131.46 (C-4'), 127.66 (C-5'), 125.62 (C-6' & C-7'), 127.67 (C-8'), 133.71 (C-9'), 
117.89 (C-10'), 172.42 (C-1), 33.75 (C-2), 25.44 (C-3), 29.34 (C-4 - C-7), 
130.24 (C-9 & C-10), 34.39 (C-8 & C-U), 71.52 (C-12), 39.02 (C-13), 25.34 (C-
14), 31.47 (C-15 & C-16), 22.52 (C-17), 14.16 (C-18). 
MS (m/z %): 425 (M^ + 1, 30), (424 (M^ 28.6), 337 (28.3), 241 (25.6), 227 (36.4), 
213 (28.2), 199 (35.2), 186 (36.3), 185 (100). 
Analysis Calcd. for C28H40O3: C, 79.24; H, 9.43%. Found C, 79.35; H, 9.51%. 
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2-Naphthyl (9R, J2Z)-9- hydroxyoctadec-12-enoate (3x): 
IR(KBr): 1725 cm"'. 
' H NMR (CDCI3, 400 MHz) 5 ppm: 7.81-7.79 (2H, m, An-H), 7.53-7.52 (IH, m, 
Ar-H), 7.49-7.42 (3H, m, Ar-H), 7.25-7.21 (IH, m, Ai-H), 5.49-5.44 (2H, m, 
-CH=CH-), 4.08-4.01 (IH, m, -C//-OH), 2.66 (2H, t, J = 7.2 Hz - CH2 a to C-0), 
2.33-2.26 (IH, m, -CH-0/^, 2.07-2.00 (4H, m, -C//rCH=CH-C//2-), 1.95-1.92 
(2H, m, -CH2 P to C=0), 1.44 (18H, br.s, chain CH2), 0.90 (3H, dist.t, CH3). 
"C NMR (CDCI3, 100 MHz) 5 ppm: 149.22 (C-1'), 121.57 (C-2'), 129.25 (€-30, 
131.27 (C-4'), 127.58 (C-5'), 125.45 (C-6' & C-7'), 127.54 (C-8'), 133.75 (C-9'), 
117.78 (C-10'), 172.25 (C-1), 33.72 (C-2), 25.41 (C-3), 29.37 (C-4 - C-7), 
37.24 (C-8 & C-10), 72.24 (C-9), 34.39 (C-11 & C-14), 130.50 (C-12 & C-13), 
39.12 (C-13), 25.38 (C-14), 30.96 (C-15& C-16), 22.30 (C-17), 14.11 (C-18). 
MS {m/z %): 425 (M^ + 1, 31), 424 (M^ 34.3), 367 (26.3), 353 (27.2), 241 (35.2), 
227 (32.4), 213 (21.2), 199 (35.2), 186 (42.2), 185 (100). 
Analysis Calcd. for C28H40O3: C, 79.24; H, 9.43%. Found C, 79.36; H, 9.52%. 
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7.1 Theoretical 
Thiol esters (I) are useful intermediates in organic chemistry due to the electronic 
distribution within the functional group, which makes the carbonyl carbon more 
eiectrophilic and the a-hydrogens in R more acidic with respect to the fully oxygenated 
analogue [1]. 
R-
R,R' = 
0 
\ 
SR' 
(I) 
= alkyl, aryl 
They play important roles in biological systems such as acyl coenzyme A, and S-acetyl 
dihydrolipolic acid [2]. Thiol esters are used as mild acyl transfer reagents [3], as 
intermediates in the synthesis of ketones [4], for asymmetric aldol reactions [5] and in 
the preparation of macrocyclic lactones [6]. Among the large number of methods 
available for the synthesis of thiols those which make use of alkenes and alkyl halides 
as starting materials have been the most extensively studied. Thiols and acid chlorides 
have been converted into thiol esters in presence of catalyst like cobalt (II) chloride 
(Scheme 1) [7], 
° C0CI2 O 
+ R'SH *^ f^_C 3p, 
CH3CN, 20°C 
X = CI, OCOCH3, OCOCHjCHj, 
OCOCH2CH2CH3 
Scheme 1 
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copper mercaptides (Scheme 2) [8], 
0 
R — \ + CuSR' 
CI 
inc chlorides (Scheme 3) [9], 
Ether 
20 °C 
Scheme 2 
O 
II 
R—C-SR' + CuCI 
O 0. 1 eq. ZnCl^ O 
R ^ + R'SH ^ R-C-SR-
bl CH3CN, r.t. 
Scheme 3 
thallium compounds (Scheme 4) [10], 
0 
X 
= CH3, Ph 
; = Br, CI 
TlSPhorTlSePh 
^. 
ether 
"-•-O 
Y = S, Se 
Scheme 4 
tin compound (Scheme 5) [11]. 
O O 
II II 
R'—C CI + n-BuaSnSR *- R'—C-SR + n-BugSnCI 
Scheme 5 
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Instead of a thiol sometimes, a thiocyanate can also be used (Scheme 6) [12]. 
ArSCN 
RCOOH *- RCOSAr 
BU3P, CH2CI2 
Scheme 6 
Thiol esters however can also be prepared from alcohols using zinc iodide as catalyst 
(Scheme 7) [13], 
O 
O H 1 ? "•• 
R-^ ^R- R "R' 
Scheme 7 
by the addition of p-toluenesulphonic acid (p-TsOH) or trifluoroacetic acid (TFA) to a 
dichloromethane suspension of thioacetylenes and silica with its neutral water content 
(Scheme 8) [14], 
O 
acid 11 
R^SR- ^ ^ \ X ^ S R ' 
silica 
acid=p-TsOHorTFA 
Scheme 8 
or from acyl chlorides with disulphides using Zn/AlCls (Scheme 9) [15]. 
Zn R'COCl II 
RS-SR -[(RS),Znl r r _ ^ R - - C - S R 
AICI3 
Scheme 9 
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They can also be prepared by the reaction of iV-acylphtalimides and thiols in the 
presence of KF/AI2O3 (Scheme 10) [16], 
II KF/AI2O3 O 
^ N - C - R + R-SH ^ R-—C-SR 
PhCHj, 85 °C 
Scheme 10 
A'-acylbenzotriazoles with thiols (Scheme 11) [17], 
O £^ ^ O 
R i - ^ + HS—R2 *- R i — ^ 
Bt CH2CI2, r.t. \ _ R ^ 
Bt = N || J R,= phenyl, aryl groups contained heteroatons (N, O) 
^ " " ^ ^ R2= phenyl, benzyl, CRfO^Et and CRfiOOH 
Scheme 11 
a,p-unsaturated #-acylbenzotriazoles with samarium thiolates (Scheme 12) [18]. 
O 
0 
2.2Sml2 A r ^ ^ ^ : ^ ^ Bt , ^ ^ ^ ^ 
R—S—S—R ^ .2! ^ Ar ^ ^ ^ SR 
THF r.t. 
N 
Bt= N^ 
Scheme 12 
Coupling reactions of carboxylic acids with thiols using carbodiimides such as 
DCC and EDC {l-[3-(dimethylamino) propyl]-3-ethylcarbodiimide hydrochloride} are 
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common methods for the synthesis of thiol esters [19]. Although the procedure gives 
the products in good yields, equimolar amounts of highly insoluble ureas are 
formed which can cause difficulties in purification of main products. Recently 
tetramethylfluoroformamidinium hexafluorophosphate (TFFH) (Scheme 13) [20] and 
2-(l//-benzotriazole-l-yi)-l,l,3,3-tetramethyluronium tetrafluoroborate (TBTU) along 
with T/.A '^-Diisopropylethylamine (DIPEA) (Scheme 14) [21] has been used as a 
coupling reagent for the reaction of carboxylic acids with thiols to yield the 
corresponding thiol esters. 
TFFH 
\ Et N 
OH ^ 
TFFH 
OH EtsN/NajS 
- * • R 
SNa 
R'SH 
DMAP 
_ / R^ Br 
R 
SR^ 
SR^ 
Scheme 13 
R'COOH 
TBTU, DIPEA R'SH 
EtOAc 25 °C 
Scheme 14 
R'COSR^ 
Among a variety of methods for the preparation of thiol esters, acylation 
of thiols with an activated acyl derivatives in presence of an acid or a base catalyst 
in a suitable organic solvent are also common. The most efficient base catalysts 
are 4-(dimethylamino) pyridine (DMAP) [22] and phosphines [23, 24] and the powerful 
acid catalysts employed include CoCb [25], TaClj [26], Cu(0Tf)2 [27], McsSiOTf [28], 
139 
Synthesis of Long-Alkenyl Chain Thiol Esters 
Sc(OT03[29, 30], In(0Tf)3 [31], Bi(0Tf)3 [32], LiC104 [33] and yttria-zirconium based 
lewis acid [34]. The solvents commonly chosen for these reactions are CH2CI2, CH3CN, 
THF (tetrahydrofuran). The limitations of the existing protocols realized in terms of 
longer reaction time, stringent conditions, use of halogenated solvents, use of hazardous 
materials (e.g. DMAP is highly toxic), use of costly and water sensitive catalysts (e.g. 
triflates) and special efforts are required to prepare the catalyst (e.g. Bi(0Tf)3_ yttria-
zirconia). In the wake of health and economic awareness, it is desirable to device a safe 
and metal free method with minimum disposable waste. Recently thiol esters using 
solid support have also been developed [35-37]. 
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7.2 A Mild and Efficient Synthesis of Thiol Esters from Long-
Alkenyl Chain Carboxylic Acids and their Antimicrobial 
Evaluation 
In practice, from an ecological point of view, the best solvent is without a 
doubt no solvent. There are of course many reactions that can already be carried 
out in the absence of solvent. Reports on solvent-free reactions have, however, become 
increasingly frequent and specialized over the past few years. Areas of growth include 
reactions between solids [38], between gases and solids [39], and on supported 
inorganic reagents [40], which in many cases are accelerated or even made possible 
through microwave irradiation [41]. There are also reactions in which at least one 
reactant is liquid under the conditions employed, which means that the solvent that 
would normally be used can simply be left out. 
To the best of knowledge no generalized study on long-alkenyl chain thiol esters 
has been made under solvent- and catalyst-free conditions. Thus keeping in mind the 
principles of green chemistry, a convenient synthesis of thiol esters by the reaction of 
thiols with long-alkenyl chain carboxylic acid chlorides have been developed and the 
synthesized compounds were screened for antibacterial and antifungal activity. 
7.3 Results and Discussion 
In the continuation of work on the derivatization of fatty acids [42], herein 
mild and general method for the synthesis of thiol esters from long-alkenyl chain 
acid chlorides and thiols under solvent- and catalyst-free conditions was 
developed (Scheme 15). 
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O O 
R — ^ + R'SH .• R - ^ 
CI SR' 
la-c 2a-c 3a-g 
A: catalyst- and solvent-free, 55-80 °C 
Scheme 15: Synthesis of thiol esters from long-allcenyl chain carboxylic acids and 
thiols 
Table 1 General synthesis of long-alkenyl chain carboxylic acid chlorides with different 
thiols 
Entry Starting R R' Temp Time Product^ Product 
from 1,2 (°C) (min.) yield 
(%) ' 
i la , 2a zH.,^vJ^gCH2 C^H^ 55 12 3a 94 
HE 
2 l b , 2a ^ 4 - ^ = ^ ^ = " ^ CfiHs 60 12 3b • 96 
3 lc,2a 14-r'-=^''"^ C6H5 60 12 3c 92 
4 OH 5 
4 la , 2b zH^^^J^^cH, 4-MeOC6H4 65 18 3d 90 
T 6 * 
HE 
5 l b , 2b i}-^=^'''^ 4-MeOC6H4 70 18 3e 90 
6 l c , 2 c ^ ^ r " - - — ^ ^ " ^ 4-MeOC6H4 70 19 3f 88 
4 OH 5 
7 la , 2c zHy^J<\cH, 4-NO2C6H4 80 21 3g 95 
HE 
"The structure of the obtained esters, was confirmed through the IR, 'H NMR, '^ C NMR, MS and elementaF 
analyses. 
Isolated yields by column chromatography. 
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Thiol was added to the acid chloride and was stirred at required temperature 
without solvent and catalyst under nitrogen for an appropriate time as required 
completing the reaction (as described in Table 1). To the prior, acid chloride la-c was 
synthesized from olefinic and hydroxy olefinic long-chain acids by in situ preparation. 
Since acid chlorides la-c are not commercially available the present method has greatly 
solved the problem by facile and efficient in situ preparation. The reaction was 
spontaneous and after few minutes the corresponding thiol esters were obtained in good 
to excellent yields (88-96 %). 
Initially the reaction of undec-10-enoyl chloride (la) with various thiols was 
investigated. When the reaction of la with different thiols 2a-d was carried out, good 
yields were obtained in almost all cases as shown in Fig.l. 
,_> 
^ 
'^•t 
•n 
9i 
> 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
9 12 15 
Time (minutes) 
18 21 
•2a 
•2b 
•2c 
Fig. 1 Reaction of undec-10-enoyl chloride with thiols under solvent-
and catalyst-free conditions as a function of time: 
(2a) benzenethiol, (2b) 4-methoxybenzenethiol and 
(2c) 4-nitrobenzenethiol. 
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The method is applicable for the preparation of a wide variety of thiol esters 
which support the generality of the procedure. The reactions of benzenethiol (2a), 
4-methoxybenzenethiol (2b) and 4-nitrobenzenethiol (2c) with different acid chlorides 
gave the corresponding thiol esters in good yields respectively. A minor product was 
also formed which was not isolated. The results are summarized in Table 1. 
Chromatographic processes led to the isolation of products 3a-g which 
was characterized by spectroscopic means. In the IR spectra, all the long-chain thiol 
esters exhibited an additional band at 1655-1685 cm"' corresponding to the ester 
carbonyl. In the 'H N M R spectra of compounds 3a-g aromatic proton values 
were obtained. In C NMR spectra all the synthesized compounds showed the 
peak at 5 191.47-195.76 corresponding to carbonyl carbon. The characteristic signal at 
8 43.56 - 46.80 was obtained for C-2 in all the synthesized compounds. The 
characteristic signal of C-l' was appeared at 5 132.60-134.16 in compounds 3a-c, at 
6 121.38-125.76 in compounds 3d-f and at 5 138.11 in compound 3g. All the 
synthesized thiol esters showed the correct molecular ion peak (M"^ in the mass spectra. 
All the compounds 3a-g were screened for antibacterial and antifungal activity. 
Screening results are summarized in Table 2 and Table 3. The minimum inhibitory 
concentrations (MIC) of all the tested compounds were 0.1 mg/ml. The newly generated 
compounds have exerted significant inhibitory activity against the growth of the test 
bacterial strains. The data pertaining to Table 3 reveals that 3a-g have significant 
influence on antibacterial profile of Gram+ve bacteria (Bacillus subtilis and 
Staphylococcus aureus). The synthesized compounds also showed good inhibitory 
results against the Gram-ve bacteria {Escherichia coli and Salmonella typhimurium). 
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Table 2 Antibacterial activity of compounds 3a-g 
Compound Diameter of zone of in 
Gram negative 
E. coli S. typhimurium 
libition (mm) at O.lmg/ml 
Gram positive 
B. subtilis S. aureus 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
Chloramphenicol 
Control DMSO 
14 
14 
15 
14 
13 
13 
15 
20 
— 
21 
23 
23 
23 
22 
22 
25 
28 
— 
35 
34 
34 
34 
35 
35 
36 
40 
— 
28 
29 
29 
31 
31 
30 
32 
36 
— 
In another set of experiments, the above mentioned compounds were also 
examined for antifungal activity (Table 3). Nystatin was used as standard drug for the 
comparison of antifungal results. Against all fungal strains {Helminthosporium oryzae, 
Aspergillus niger, Trichoderma viridae, and Candida albicans), compounds 3a-g 
showed good inhibitory results. 
Table 3 Antifungal activity of compounds 3a-g 
Compound 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
Nystatin 
Control DMSO 
Diameter of 
C.albicans 
24 
23 
23 
24 
23 
23 
26 
30 
— 
zone of inhibition (mm) at 0.1 
H.oryzae 
13 
12 
12 
15 
14 
15 
16 
20 
— 
A.niger 
15 
14 
14 
16 
15 
15 
16 
20 
— 
mg/ml 
T. viridae 
16 
17 
16 
15 
15 
16 
16 
20 
— 
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7.4Experimental 
Undec-10-enoic (la) and (Z)-octadec-9-enoic (lb) were obtained commercially 
from Fluka chemicals (Switzerland). (9Z, 12/?)-12-Hydroxyoctadec-9-enoic (Ic) 
(ricinoleic) acid was isolated from the natural sources i.e. from Ricinus communis seed 
oil following Gunstone's partition method [43]. Thionyl chloride was obtained from 
Merck (Mumbai, India) and was further distilled off before use. Benzenethiol (2a), 
4-methoxybenzenethiol (2b) and 4-nitrobenzenethiol (2c) were purchased from Aldrich. 
Homogeneity of the product was observed on TLC. ' H N M R and '^ C NMR spectra 
were recorded in CDCI3 on a Bruker DRX-300 instrument. The chemical shifts (5) were 
measured relative to internal TMS. Mass spectra were obtained on a Jeol SX-102 (FAB) 
spectrometer. IR spectra were obtained on Shimadzu 8201 PC FT-IR using KBr pellets. 
General procedure for the synthesis of thiol esters from long-alkenyl chain 
carboxylic acids and thiols: 
Thionyl chloride (3 mmoles) and long-alkenyl chain carboxylic acid 
(2.5 mmoles) was heated at 80 C for about 2 hrs to form the corresponding acid 
chloride. The progress of the reaction was monitored by TLC. The excess of thionyl 
chloride was distilled off and in the next step, thiol (2.5 mmoles) was added to the 
cooled reaction mixture without any solvent and catalyst under nitrogen for a certain 
period of time as required for completing the reaction (monitored by TLC). The reaction 
mixture was diluted with ethyl acetate (15 mL) and a saturated solution of NaHCOa 
(10 mL). The organic layer was washed with H2O (3x15 mL), dried over anhydrous 
Na2S04 and solvent was removed under reduced pressure. The residue was purified by 
column chromatography (silica gel, hexane-diethyl ether, 99:1, v/v for 3a, 3d and 3g, 
98:2, v/v for 3b and 3e, 97:3, v/v for 3c and 31). 
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Antimicrobial Screening 
Antibacterial screening 
Antibacterial activity of the synthesized compounds 3a-g was studied against 
Gram+ve bacteria (Bacillus subtilis and Staphylococcus aureus) and Gram-ve bacteria 
(Escherichia coli and Salmonella typhimurium) while the antifungal activity was 
studied against four fungi viz., Helminthosporium oryzae (Laboratory isolate), 
Aspergillus niger (Laboratory isolate), Trichoderma viridae (Laboratory isolate), 
and Candida albicans (lOA 109). The activity was carried out by the disc diffusion 
method [44] as described in Chapter 6, pp. 116. 
Spectral Data 
S-phenyl undec-10-ene thioate (3a): 
IR(KBr): 1660 cm'. 
' H N M R (CDCI3, 400 MHz) 6 ppm: 7.29-7.24 (m, 2H, Av-H), 7.18-7.15 (m, 2H, Ar-
H), 7.06-7.02 (m, IH, Ar-7^, 5.85-5.76 (tdd, IH, J„ „ = 6.6 Hz,j„ „ =10.2 Hz, 
J^.^ = 17.1 Hz, CH2=CH-), 5.03-5.01 (dd, IH, J„^_„^ 10.2 Hz,y^^_^^= 3.6 Hz, 
//zC=CH-), 4.90 (dd, IH, J„^^„ = 17.1 Hz, J„^_„^ = 3.6 Hz, //fC^CH-), 
2.65 (t, 2H, J = 6.9 Hz, CH2 a to C=0), 2.07-2.00 (m, 2H, -C//rCH=CH2), 
1.88-1.73 (m, 2H, -CH2 P to C=0), 1.33 (br.s, lOH, chain CH2). 
'^C NMR (CDCI3, 100 MHz) 5 ppm: 134.16 (C-l'), 131.13 (C-2', C-6'), 
129.50 (C-3', C-5'), 125.76 (C-4'), 194.72 (C-l), 46.80 (C-2), 24.93 (C-3), 
29.25 (C-4 - C-8), 34.38 (C-9), 139.21 (C-10), 114.26 (C-l 1). 
MS (m/z %): 277 (M^ + 1, 15.7), 276 (M^ 13.8), 165 (27), 151 (100), 139 (18), 137 
(21), 124(26). 
Analysis Calcd. for C17H24OS: C, 73.87; H, 8.74; S, 11.60%. Found C, 73.95; 
H, 8.79 %. 
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S-phenyl (Z)-octadec-9-ene thioate (3 b): 
IR(KBr): 1665 cm"'. 
' H N M R (CDCI3, 400 MHz) 5 ppm: 7.26-7.23 (m, 2H, kr-H), 7.18-7.16 (m, 2H, 
kx-H), 7.08-7.05 (m, IH, kx-H), 5.34-5.31 (m, 2H, -CH=CH-), 2.67 (t, 2H, J = 7.2 Hz, 
-C/Z^a to C=0), 2.04-2.02 (m, 4H, -C//2-CH=CH-C//2-), 1.86-1.76 (m, 2H, -CH2 p to 
C=0), 1.31 (br.s, 20H, chain CH2), 0.89 (dist.t, 3H, CH3). 
'^C NMR (CDCI3, 100 MHz) 5 ppm: 133.53 (C-1'), 130.06 (C-2', C-6'), 
129.89 (C-3', C-5'), 125.86 (C-4'), 194.43 (C-1), 46.23 (C-2), 25.32 ( C-3), 
29.53 (C-4 - C-7), 34.56 (C-8 & C-11), 130.54 (C-9 & C-10), 29.19 (C-12 - C-15), 
31.20 (C-16), 22.33 (C-17), 14.19 (C-18). 
MS (m/z %): 375 (M^ + 1, 16), 374 (M^ 12.8), 275 (28), 261 (24), 237 (21), 165 (17), 
151 (100), 137 (23), 222 (25). 
Analysis Calcd. for C24H3gOS: C, 76.95; H, 10.22; S, 8.56%. Found C, 77.12; 
H, 10.31 %. 
S-phenyl (9Z, 12R)-12-hydroxyoctadec-9-ene thiooate (3c): 
IR(KBr). 1655 cm'. 
' H NMR (CDCI3, 400 MHz) 6 ppm: l.Tl-l.lA (m, 2H, kx-H), 7.19-7.15 (m, 2H, 
kx-H), 7.05-7.02 (m, IH, kx-H), 5.56-5.35 (m, 2H, -CH^CH), 3.88-3.84 (m, IH, -CH-
OH), 2.65 (t, 2H, y= 6.0 Hz, -CT/^a to C=0), 2.44-2.40 (m, IH, -CH-OH), 2.06-2.02 
(m, 4H, -CH2-CH=CH-CH2-), 1.89-1.76 (m, 2H, -CH2 P to C=0) , 1.29 (br.s, I8H, 
chain CH2), 0.88 (dist.t, 3H, C//j). 
' 'C NMR (CDC!3, 100 MHz) 8 ppm: 132.60 (C-l'), 130.11 (C-2', C-6'), 
129.79 (C-3', C-5'), 125.76 (C-4'), 194.15 (C-1), 46.57 (C-2), 25.23 (C-3), 
29.39 (C-4 - C-7), 131.96 (C-9 & C-10), 34.48 (C-8 & C-/U 7J.51 (C-12), 39.62 (C-
13), 25.31 (C-14), 31.73 (C-15 & C-16), 22.55 (C-;7), 14.18 (C-18). 
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MS {m/z %): 391 (M^ + 1, 18.1), 390 (M^ 11.2), 305 (45), 261 (33), 165 (16), 151 
(100), 137(25), 238(32). 
Analysis Calcd. for C24H38O2S: C, 73.80; H, 9.80; S, 8.21%. Found C, 73.95; 
H, 9.92 %. 
S-(4-methoxyphenyl) undec-10-ene thioate (3d): 
IR(KBr): 1670 cm'. 
' H N M R (CDCI3, 400 MHz) 6 ppm: 1A%-1A1 (m, 2H, Ax-H), 130-7.21 (m, 2H, 
Ar-H), 5.85-5.76 (tdd, IH, J„_s^f^^^ 6.4 Hz,y^.^^-10.8 Hz,J„_„^= 17.7 Hz, 
CH2=CH-), 5.05-5.02(dd, IH, J„^_„ = 10.8 Hz,J„^_^^ = 3.1 Hz, HzC=CH-), 4.90 (dd, 
IH, J„^_„ = n.l Hz, J„^_„^ = 3.7 Hz, HEC=CH-), 3.65 (s, 3H, -OCH3), 2.74 (t, 2H, J 
= 7.2 Hz, CH2 a to C=0), 2.07-2.00 (m, 2H, -CH2-CH=CH2), 1.90-1.86 (m, 2H, -CH2 P 
to C=0), 1.39 (br.s, lOH, chain CH2). 
"C N M R (CDCls, 100 MHz) 5 ppm: 125.76 (C-l'), 129.79 (C-2'- C-6'), 
114.26 (C-3'- C-5'), 159.29 (C-4'), 56.78 (C-l"), 191.58 (C-l), 43.81 (C-2), 24.87 (C-
3), 29.43 (C-4 - C-8), 34.38 (C-9), 139.21 (C-10), 114.28 (C-l 1). 
M S (m/z % ) : 307 (M^ + 1, 14), 306 (M^ 10.4), 195 (30), 181 (100), 167 (24), 139 (22), 
124(28). 
Analysis Calcd. for CgHjeOzS: C, 7.55; H, 8.55; S, 10.46%. Found C, 70.62; 
H, 8.68 %. 
S-(4-methoxyphenyl) (Z)-octadec-9-ene thioate (3e): 
IR(KBr): 1680 cm'. 
' H NMR (CDCI3, 400 MHz) 6 ppm: 1A9-1A1 (m, 2H, Ar-H), 7.31-7.26 (m, 2H, 
Ar-H), 5.34-5.31 (m, 2H, -CH=CH-), 3.68 (s, 3H, -OCH3), 2.77 (t, 2H, J= 7.2 Hz, -
CH2 a to C=0), 2.04-2.02(m, 4H, -C//2-CH=CH-C/6-), 1.86-1.76 (m, 2H, -CH2 P to 
C=0), 1.29 (br.s, 20H, chain CH2), 0.89 (dist.t, 3H, C//j). 
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'^ C N M R (CDCI3, 100 MHz) 6 ppm: 125.70 (C-T), 130.21 (C-2', C-6'), 
118.47 (C-3', C-5'), 159.17 (C-4'), 56.79 (C-1"), 191.47 (C-1), 44.23 (C-2), 25.67 ( C-
3), 29.64 (C-4 - C-7), 34.56 (C-8'& C-U), 130.54 (C-9 & C-10), 29.19 (C-12 - C-15), 
31.85 (C-16), 22.63 (C-17), 14.12 (C-18). 
M S {m/z % ) : 405 (M* + 1, 18.2), 404 (M^ 12.7), 305 (40), 291 (38), 237 (17.4), 195 
(27), 181 (100), 167 (19), 222 (23). 
Analysis Calcd. for C25H40O2S: C, 74.21; H, 9.96; S, 7.92%. Found C, 74.35; 
H, 9.78 %. 
S-(4-methoxyphenyl) (9Z, 12R)-12-hydroxyoctadec-9-ene thiooate (30: 
IR(KBr): 1685 cm'. 
'H NMR (CDCI3, 400 MHz) 5 ppm: 7.42-7.40 (m, 2H, Ar-H), 7.34-7.32 (m, 2H, Ar-
H), 5.52-5.37 (m, 2H, -CH=CH-), 3.88-3.86 (m, IH, -C//-OH), 3.75 (s, 3H, -OC//5), 
2.78 (t, 2H, J = 6.7 Hz, -CH2 a to C=0) , 2.42-2.41 (m, IH, -CH-OH), 
2.04-2.02 (m, 4H, -C//^-CH=CH-C/6-), 1.87-1.74 (m, 2H, -C/6 P to C=0) , 
1.27 (br.s, 18H, chain CH2), 0.88 (dist.t, 3H, CH3). 
'^ C N M R (CDCI3, 100 MHz) 5 ppm: 125.38 (C-1'), 130.04 (C-2', C-6'), 
118.07 (C-3', C-5'), 158.97 (C-4'), 55.10 (C-I"), 192.60(C-1), 45.46 (C-2), 25.10 (C-3), 
29.72 (C-4 - C-7), 130.21 (C-9 & C-10), 34.48 (C-8 & C-11), 71.98 (C-12), 39.62 (C-
13), 25.31 (C-14), 31.73 (C-15 & C-16), 22.55 (C-I7), 14.16 (C-18). 
M S (m/z % ) : 421 (M^ + 1, 21.2), 420 (M^ 14.5), 335 (45), 291 (32), 253 (17.2), 195 
(25), 181 (100), 167 (20), 238 (32). 
Analysis Calcd. for C25H40O3S: C, 71.39; H, 9.58; S, 7.62%. Found C, 71.25; 
H, 9.70 %. 
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S-(4-nitrophenyl) undec-10-ene thioate (3g): 
IR(KBr): 1685 cm-'. 
' H N M R (CDCI3, 400 MHz) 5 ppm: 8.10-8.04 (m, 2H, Av-H), 6.64-6.60 (m, 2H, Ar-
H), 5.85-5.76 (tdd, J^_,^ ^^ = 6.6 Hz,J„_„^ =10.3 Hz,J„^„^ = 17.2 Hz, IH, CH2=C//-), 
5.01-4.91 (dd, J„^.„= 10.3 Hz, J„^,„^= 1-2 Hz, IH, //zC=CH-), 
4.90 (dd, J„^_^ = 17.2 Hz, J„^_„^ = 1.2 Hz, IH, HB<2=CH-), 2.56 (t, J = 8.0 Hz, 2H, 
CH2 a to C=0), 2.05-2.01 (m, 2H, -C//2-CH=CH2), 1.65-1.59 (m, 2H, -CH2 p to C=0), 
1.36 (br.s, 1 OH, chain C/6). 
"C NMR (CDCI3, 100 MHz) 6 ppm: 138.11 (C-F), 129.79 (C-2'- C-6'), 
125.76 (C-3'- C-5'), 149.29 (C-4'), 198.02 (C-1), 43.76 (C-2), 24.87 (C-3), 
29.41 (C-4 - C-8), 34.42 (C-9), 139.21 (C-10), 114.26 (C-11). 
MS (m/z %): 322 (M^ + 1, 18.3), 321 (M^ 16), 210 (21), 196 (100), 182 (28), 139 (25), 
124(27). 
Analysis Calcd. for C17H23NO3S: C, 63.53; H, 7.21; N, 4.36; S, 9.97%. Found C, 63.45; 
H, 7.42; N, 4.23 %. 
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